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PREFACE 


with the emergence of the Shuttle, the space program has begun the transition 
from an era of demonstration to one of cost-effective utilization for commercial 
and defense applications. Future space missions will Include large systems, with 
onboard propulsion requirements significantly different and more severe than those 
on present, relatively dense spacecraft. Therefore, a two-day workshop was held at 
the NASA Lewis Research Center to define propulsion requirements ano identify tech- 
nological Issues which must be addressed In the design of large space systems. 

The workshop provided experts from government and Industry an opportunity to 
address the critical Interactions between large space systems and their propulsion 
systems over the total mission life cycle - Shuttle launch to LEO; deployment and 
checkout; transfer to final orbit;, and orbit maintenance for the remainder of the 
mission life. Presentations were made In three workshop panels dealing with the 
following major topics: Missions; system requirements and operations; and system 
design and Integration. Summaries of the workshops were presented at a concluding 
plenary session. Workshops were kept Informal, and that atmosphere provided the 
free and lively exchange of Ideas and opinions which made this meeting highly 
successful. 

This publication 15 a compilation of the material from the presentations and 
the conclusions of the three workshop panels. 


Sol H. Gofland 

NASA Lewis Research Center 

Workshop Chairman 
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OVERVIEW OF URGE SPACE SYSTEMS/ PROPULSION INTERACTIONS 


RICHARD F. CARUSl£ 
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Washington, DC 20546 


LSST 




AUtEWlAS 

ANT. SY$T. ANAL 
HOOP COUAN 

ELECTNOSTAtiC NENBftANE 


PLATFOWS 


i PLAT. $YST. ANAL. 

deployable plat. 

ASSEMBLY ANALYSIS 
SADE 

JSC PLAT. ASSEHBLY TECH. 


I- 


STATION 


JSC 1 NANPEBHANENT 
HSFC A OCCUPANCY IN SPACE 




CONTROL t STAB. 
AUTOMATION 


LARC. HSFC. JPL 
HSFC. J>L 


PROPULSION 


EARfH TO ORBIT (CHEH) ftSFC 

ORBit tRANSFER (CHEN) 

ELECTRIC 
PLANETARY (CHEN) 

LOH THRUST (CHEN) 

NUCLEAR ELECTRIC 





OF POOR QUALITY 


« lAkcc (HrfoMTiM iwinzs 

• sTdcD/Kaono 

•USSfAUt 

* Cttrux STHttCTUKS 

• vem L€M FRcoUEMir. kibe mk$ 

• jll#fK URtCNTAIRTIES I IWKIftAftiTlES 

• AltfMCEO CMTML SVSItK 

- tlStXIBtffClt 

• AtW*TI«t 

« Hifinv imcMaivE sibsvsters 

• STRUCTURE UYRMiCS 

• TMERML 
' CONTROL 


ANTUMA COMTWJLUR DESIGNS BASED OH RF PERFORBAHCE 


EXtEKNAL . 
OIStURBANCI 


CONTROL 

FORCES 


^taHcttniE 



REOUIRENENTS 

FOiNtiNO 


SENSOR 

DATA 


FEEDMCR 


CONtROt L 06 IC 


M 

•SPtCIFT CON* 

troi forcis ^ 

mmmm 

•TRANSMIT ACTUATOR 
COHMANOS 

•NRkC DPTIRUN 
USE or RF 
IMICl 


E&TIHAtOR^, 
|.|>ROCtSS SENSOR I 
DATA 

ttRNIRt VtIJf* 
OTWANICS 

USE RE NOOCL InI 
CSVINRTOR 
OCSIGtt 


HEW APPROACH 


« 




RF MODEL USED ^D OFTIMlEE 
feedback design PROCESS 


performance 

TERMS OF RF 


SPEtlFlEO IN 
PARAMETERS 


FAR FIELD 
PATTERNS 




•MR 


2 










iim awu: lire Hnm.T9i9 hiw innuca 

mST fiC i>EAFOIWED WITH FAIittCIPATION ftV fHE 
PAOFU 18 ION StSTEH TO DEFINE PROPULSION SYSfEH 
DRIVERS. SUBSVStEN INTERACTIONS AND RCOUlRENENtS 
AND OPTtmn CONFIGURATIONS. 

SUGGESTED NISSION GROUPINGS ARE ON THE FOUOMING 
CHART. 


ANTENNAS- 


PLATFOIURS 


STATION 


com 

SASP 

LEO CONFIGS 

radkrctry 

GEO com 

GROMTH 

VLpi 

1 

1 

1 

• 

1 

f 

1 

J 

-j., > 

1 

1 

1 

! 

1 RTHammaH REohf'S 1 

1 sfHANNAN 1 

1 sffiisiiATr^ 




ATTITUDE CONTROL 
STATIONKEEPING 



STOHEO/DEPLOVEO 
(RELIABILITY) 
ATT. CONTROL/ « 
STABILITY 
TRANSFER TINE 


SINGLE_P_T^ 

DISTRIBUTED 

THROTtLEABt E 

COHNOhALItY 
OF H/M 



attitude control 

STATIONKEEPING 
SHUHLE COMPATIBILITY 



PROPULS lON/LSS INTERACTION ORIQIMAL . 

«HC (LOM THRUST CHEMICAL) QUWi'i' 

0 LSS CORFIfiURArfONSi 

• EiPAffOABLE BOX tRUSS ] 

- WRAP RADIAL RIB j 

• HOOP COLIPIN 

'1 

• RAXinUN PAYLOAD MASS S LEHtiTH 

• STRUCTURE NASS VS. THRUST/NEIGHT 

I 

- CONPI6URATION SENSITIVITY'^ DIANETER. DENSITY 

- relative configuration trades 

• THRUST TRANSIENTS (START-UP) 

• DISTRIBUTED THRUSTING . 

i 


Average Structural Mass Impact for Start 
Transient Stfects 


Ramp 

timv 

BoxTruAA 

Avorago 

StOadySlalo 

Radial nib, 
Averaga 
hgRa^/iig 
SiaadySiata 

Hoop/Column. 

Aferage 

kgRagdikg 

SlaadyStaw 

step 

1.10 

1J0 

1.10 


1.03 

1.10 

1.01 


1.00 

1.00 

1.00 

SlSff 

1.00 

1.00 

1.00 

4/Stt 

1.00 

1.00 

1.00 

Tan«iO« 
Mr Mo 
Sinicnirol 
Impacl 

0.3(028 

O.SI 0108 

O.SleSa 


Note: Sliutdo«mtnin$lenl$ha«aResllglbleliin|MK:l. 




5 



Effects 



lss/propulsion issues 

• SYSTEM OfTWIZATlOH 

- PROPULSIOH/OISCUn.IHE TRADES 

- CHEMICAL. aECTRIC. NUCLEAR 

• SYSTEM RELIABILIfY/COST 

- propulsion SYSTEM TECHNOLOGY DRIVERS 

- SYSTEM COST DRIVERS 
A SUBSYSTEM INTERACTION 

- RRoPULSION/STRUCTURE/CONTROL 

• PROPULSiON/SYSTEM INTEORATION 

> modular growth 

- ORBITAL ASSEMBLY OPERATIONS 

« subsystem commo*;ality 

- SINGLE SYSTEM: ORBIT TRANSFER/CONTROL 

- CENTRAL VS. DISTRIBUTED ‘CONTROL) 
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NASA SPACE SYSTEM TECHNOLOGY MODEL 
FUTURE MISSION SYSTEM NEEDS 


T. C. Reese 


General Research Corporation 


NASA SPACE SYSTEMS TECHNOIOCY IL 
PURPOSE 


PLANNING AtO 

• PROVIDES A REFERENCE FOR PLANNING TECHNOLOGY PROGRAMS AND OPTIONS 
« IDENTIFIES CRITICAL TECHNOLOGIES NEEDED FOR FUTURE MISSIONS 

• ESTABLISHES CRITERIA FOR EVALL’ INC ONGOING PROGRAMS 


COMMUNICA TI ON TOOL 

• DISSEMINATES INFORMATION ON FUTURE CAPABILITIES OF SPACE TECHNOLOGY 
TO MISSION PLANNERS 
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NASA Se-ACE SYSTEMS TECHNOLOGY MODEL 


• A CATALOG OF INFORMATION DETAILING PROPOSED FUTURE MISSION AND 
instrument systems endorsed by NASA PROGRAM OFFICES 

• A CHARACTERIZATION OF TRENDS AND FORECASTS OF CAPABILITIES IN THE 
MAJOR DISCIPLINES OP SPACE TECHNOLOGY 

• A SET OF REAL AND GENERIC MISSIONS THAT ILLUSTRATEJTHE POTENTIAL OF 
SPACE TECHNOLOGY CURRENTLY BEING DEVELOPED 

• REVISED AND UPDATED VERSION FOR 1911 NOW IN PUBLICATION 


OR’ 
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1981 NASA MOO£L -URGE SPACE SYSTEMS 


- — MISSION SYSTEMS EXTR AC t£DL.EIIOM-T-HE-MOD£i — 


PROPOSED future LARGE SPACE SVETEMS THAT ARE DRIVERS POR PROPULSION TECHNOLOGY 


PRIMARY PROPULSION; LOR THRUST-TO WEIGHT RATIO ORBIT TRANSFER 
PROPULSION SYSTEM / 

SECONDARY PROPULSION; ORBIT MAINTENANCE AND MOMENTUM 
MAN AGEMENT-SYST EMS 


PRIMARY PROPULSIOM DRIVER-MISSIONS 


EXPERIMENTAL GEOSTATIONARY PLATFORM 
PROPOSED START DATE: 1986 
PROPOSED LAUNCH DA1E: 1990 

COHERENT OPTICAL SYSTEM C F MODULAR IMAGING 
COLLECTORS (COSMIC) 

PROPOSED START AND LAUNCH DATES: >1990 

100 METER THINNED APERTURE TELESCOPE 

PROPOSED start and LAUNCH DATES: '1990 


ORDITING DEEP SPACE RELAY STATION (ODSRS) 

PROPOSED START AND LAUNCH DATES: '1990 
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experimental geostationary platform 


ORIGINAL PAGE IS 
OF POOR QUALITY 


STATUS: 

planned 

LIFETIME: 

8 YEARS 

launch AND-TRANSFER 
VEHICLES : 

SHUTTLE /OTV 


GEU 

TOTAL MASS AT OPERA- 
TIONAL LQCATlQfAS; 

6,800-10,200 

AVERAGE OPERATIONAL 
POWER: 

25-50 kW 



.%«./^ucTiiATc fUi; TFrHNOLOdlE^ systems, ANO POTENTIAL USES OF OPErtATlOMAL 
S«l8^NAl4^PLATFOrtMS^^THE EXPER^^^ WILL PftOVlOE AN OPPORTUNITY TO 

5ls?2SrcoM^^^^ also provide a FREE-FLYINC. LONC- 

IlFE T^ME S?CECRAFT ON wAr.^^ PERFORM SCIENCE AND APPLICATIONS EXPERIMENTS. 


A A/IATED TRANSrtIt VEHICLE /PACK AGED PLATEORM WILL BE FLOWN BY THE SHUTTLE 
INTO LOW earth ORBIT OF THE PLATFORM AND A PASSIVE DOCKING 

ofmon^tration With an advanced tms, the payload will be transferred to geo. 

DEMONSTR^I pciiifiOirAi LY VISITED BY AN ADVANCED TMS TO DEMONSTRATE RENDEZVOUS, 

AND PAYLOADS: COMMUNICATIONS 

RtS PAYLOAD - COMMUNICATIONS TECHNOLOGY DEMONSTRATION, NEW 

rADTM OhSFrVATION RfcD PAYLOAD - LIGHTING MAPPER, RADIOMETERS; OPERATIONAL ENVIRON 
MENTAL PAYLOAD - VAS DATA COLLECTION; SCIENCE PAYLOAD - IMAGING ^ PEC TRO OBSERVATORY, 
ATMOSPHERIC EMISSION 'iMACER; DOD R6D PAYLOAD - NI/H 2 BATTERY, PASSIVELY DAMPED STRUCTURE. 
HARDENED OPTICAL COMMUNICATION LINKS, TACTICAL SATCOM. 
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COHERENT OPTICAL SYSTEM OF MODULAR IMAGING 
COLLECTORS (COSMIC) 


ORIGINAL PAGE IS 

OF POOR QUALITY 


STATOi: 


OPPdrtTUNITY 


LIFETIME: 


10 YEARS 


launch and transfer 

VEHICLES; 


SHUTTLE. HLLV.'OTV 


OPtRATlOMAl IOCAT.OMS, ^TIALLY SM 

EVENTUALLY CEO- 
SYNCHRONOUS 


TOTAL MASS AT OPERA- 
TIONAL LOCATIONS : 


APPROX. 67,000 kg 



AVERAGE OPERATIONAL 
POWER: 


approx. 25 kW 


kUP rALIBAATION dF THE DISTANCE SCALE BEVOND VIRCO OUT TO THE COMA CLU^itw, 
MiSh search for FIANETARY SYSTEMS. 


noJ ??.*rSllt/?T^R^ OP MODULES CARRIED INTO ORBIT 

INITIALLY ONLY ONE MODULE CONSISTING OF A l6-m BASE- 
LINE ARRAY IS Sufficient to prove the concept and at the sai^ time ^'onificanti^ in- 

Yuc Akir*iii AD DF^ChOi IJTION CAPABILITY dVER SPACE TELESCOFE* SEVERAL ARRAY 
CEMEfRIES ARE UMOER CONSIOERAtlON *"J'“ BVOtV- 

fN'?V“o^A?So^O?MEN's?ONA\*'ARM*?T^^^^^^ 

DiPPNDS UPON THE ABIUTY TO MANAGE THE BUILDUP OF TOLERANCES. THE 1 jO-METER THINNED 
APERTURE TELESCOPE IS AN ALTERNATE METHOD FOR PROVIDING SIGNIFICANT ADVANCES FOR 
optical ASTRONOMY. 
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100 METER THINNED APERTURE TELESCOPE 


STATUS i 

OPPORTUNITY 

LII^TIME: 

10 YEARS 

launch and transfer 

VEHICLES: 

SHUTTLE, HLV. 
OTV, lUS 

OPERAtlONAL LOCATIONS: 

INITIALLY 500-km 
ORBIT AT 28. S*; 
6VENTUALLY GEO- 
SYNCHRONOUS 

TOTAL MASS AT OPERA=_ 
TIONAL LOCATIONS: 

approx. 85. 060 kg 

AVERAGE OPERATIONAL 
POWER: 

APPROX. 25 kW 







?SS?3» 
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ORBITING DEEP SPACE RELAY STATION (ODSRS) 


STATUS: OPPORTUNITY 

LIFSTIMS: 10 YfeARS 

LAUNCH AND TRANSFER 

VEHICLES: . SHUTTLE /OTV 

OPERATIONAL LOCATIONS: GEO 

TOTAL MASS AT OPERA- 
TIONALLOCATIONS: 8500 kg 

AVERAGE OPERATIOMAi 

POWER: 5.5 kW 


OF POOR QUALITY 



OBJECTIVE: TO PROVIDE DEEP SPACE TRACKING AND COMMUNICATIONS SUPPORT OF DEEP SPACE 
PRCliSTirTHE POST 1085 ERA. 


DESCRIPTION: THE ODSRS WILL BE LAUNCHED INTO A LOW EARTH ORBIT BY THE SPACE SHUTTLE. 
T H I S ORB I TTI AS an INCLINATION OF ABOUT 28. 5». IT IS ANTICIPATED THAT THREE SHUTTLES 
WILL BE REQUIRED TO TRANSPORT ALL OF THE ODSRS HARDWARE INTO ORBIT, INCLUDING ONE 
SHUTTLE FOR THE ORBIT TRANSFER PROPULSION SYSTEM. THE OOSRS WILL BE ASSEMBLED, 

ALIGNED, And TESTED IN THE LOW EARTH ORBlT (LEO). AND THEN BOOSTED TO A GEOSYNCHRONOUS 
ORBIT (CEO). FINAL SYSTEM LEVEL PERFORMANCE AND ENVIRONMENTAL TESTS WILL BE PERFORMED 
(N LEO PRIOR TO A DECISION TO TRANSFER TO GEO. 

THE ODSRS CONCEPTUAL DESIGN IS A 28 m. OFFSET FEED, TWO-REFLECTOR CASSEGRAIN ANTENNA. 

IT HAS A LIGHTWEIGHT DEPLOYABLE BACKUP STRUCTURE WITH PRECISION SURFACE PANELS 
ATTACHED IN LOW-EARTH ORBIT, USiNC THE SHUTTLE AS A WORK PLATFORM. SUPPORT SUBSYSTEMS 
For the ODSRS are contained in the boxlike bus ATTACHED TO THE MAIN ANTENNA BACKUP 
STRUCTURE. THE ESTIMATED ODSRS MASS IS 8500 kg, AND ITS STOWED VOLUME IS APPROXIMATELY 
2 SHUTTLE CARGO BAYS. ODSRS POWER CONSUMPTION IS ESTIMATED TO BE 5.5 kW, MOST OF WHICH 
WILL-BE A CONTINUOUS LOAD FOR REFRIGERATORS FOR THE CRYOGENIC RECEIVERS. 
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SECONDARY PROPULSION DRIVER MISSIONS 


SPACE PLATFORM ALPHA 
START DATE: 1984 
LAUNCH DATE: 1987 

SPACE STATION 

START DATE: 1986 
LAUNCH DATE: 1990-91 

AUTOMATED PLANETARY STAMON 
START AND LAUNCH DATES: 


original 

OF POOR 


IS 

quality 


>1990 


14 


SPACE PLAIFORM ALPHA 


r:.‘s:',rs;x paor p 

PUCR QUALITY 


STAtUS: 


PLANNED 


LIFETIME: 


LAUNCH AND THANSFER 
VEHICLES: 


OPERATIONAL LOCATIONS: 


TOTAL MASS AT OPERA- 
TIONAL.LOCATIONS : 


5 YEARS WITH ON- 
OR8IT MAINTENANCE 


SHUTTLE DEPLOYED 
AND SERVICED 



•OM MSAW ^ 

Mtli 

mym UNim 


12.500 kc| 



AVERAGE OPERATIONAL 
POWER: 


11-12 kW AVAILABLE 
FOR PAYLOADS 


ALPHA IS A SHUTTLE-DEPLOYED AND SHUTTLE-TENDED 
FACILITY PLACED IN LOW EARTH ORBIT FOR AN INDEFINITE TIME IT WILL PROViriF <TAnii i+v 

THERMAL DISSIPATION SERVICES TO A VARIETY OF * 
PAYLOADS. THIS PROGRAM IS INTENDeO TO PROVIDE THE CAPA- 
BILITY TO OPERATE THOSE PAYLOADS THAT ARE RESTRICTED BY THE LIMITED time amd 
AVAILABLE DURING A SHUTTLE SORTIE MISSION? LIMITED TIME AND POWER 

^ SYNTHESIS OF SEVERAL ACTIVITIES WITHIN THE OFFICE OF 

jss.is-ivrvni?s?? 
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SPACE STATION 


ORIdlNAL PAOS IS 
OP POOR QUALITY 


1 


STATUS; 

LiPEtiME: 

LAUNCH AND TRANSFEN 
VEHICLES: 

OPERATIONAL LOCATIONS: 

total mass at opera- 
tional LOCATIONS: 

AVERAGE OPERATIONAL 
POWER: 


CANDIDATE 
>10 YEARS 

SHUTTLE 

LOW EARTH ORDIT 

59.000 kg FOR 
INITIAL SOC 

50 kW SUNLIT 



UECTIVE- THE SPACE STATION WILL PROVliOE A MANNED OPERATIONAL BASE IN LJ* E^TH 
«^Blirfin»ERFORM MISSIONS REQUIRING EXTENDED ORBITAL STAY. TIMES WITH FREQUENT OR 
CONTINUOUS CREW INVOLVEMENT. 


DESCRIPTION: THE SPACE STATION CONCEPT DESCRIBED HERE IS THE SPACE JONS CENT^^ 

NOW Rnrafi analyzed by Boeing, the soc is space assembled from modules placed in orbit 
ftv Mill tiple shuttle launches the initial version includes one habitat module, ONE 

IeRvVc?MODUU ^ KcISTICS MODULE an AIRLOCK. IT CAN BE CONTINUOUSLY MA^ 
liv A FOUR fid DAY NORMAL RESUPPLY), CAN PERFORM SATELLITE SERVICIN6, UPP£R“ 

STAGE TO PAYLOAD MATING AND CAN ACCOMMODATE A VARIETY OF SCIENCE AND APPLICATIONS 
S0?Ld^ AND EXPER^^^ VERSION. THE OPERATIONAL SOC. INCLUDES AN 

ADDITIONAL HABITAT MODULE LOGISTICS MODULE AND SERVICE MODULE. A DOCKING MODl^E 
ISd FInSeR ?IERS would also be added, the OPERATIONAL SOC PROVIDES FOR S/C DEPLOYMENT 
aKo Assembly LIQUID ^ and unassisted mating of upper stages to 

Spacecraft the CREW COMPLEMENT CAN BE INCREASED TO Eight, future VERSIONS OF SOC 
ARE loNfSpL^fEO: THEY^W^^^^^ PROPELLANT STORAGE, OTV BASING AND 

FACILITIES FOR ASSEMBLY OR CONSTRUCTION OF LARGE SPACECRAFT. 


!i 
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AUTOMATdO PLANETARY STATION 


STATUS: OPPOUTONITY 

LIFETIME: 8 Id YEARS 

LAUNCH AND TRANSFER 
VEHICLES: SHUTTLE 


OPERATIONAL LOCATION: LOW EARTH ORBIT 

TOTAL MASS AT OPERA- 
TIONAL LOCATION : 2S. OOO kg 

AVERAGE OPERATIONAL 
POWER: 28 kW 


OBJECTIVE: PLANETARY OBSERVATIONS ARE TO BE MADE FROM AN ORBITING PLATFORM. CON- 
riNUdUS OBSERVATIONS OF DYNAMIC PHENOMENA (e.g. , ATMOSPHERES) ARE POSSIBLE. EMPHASIS 
WILL BE ON wavelengths THAT CANNOT BE OBSERVED WITH EARTH-BASED TELESCOPES, ON THE 
USE OF INTERFEROMETERS WITH O.Ot-ARC SEC ANGULAR RESOLUTIONS THAT CANNOT BE ATTAINED 
WHEN VIEWING THROUGH THE EARTH'S ATMOSPHERE, AND ON NEW MEASUREMENT TECHNiOUES FOR 
DEEP SPACE MISSIONS. 


DESCRIPTION: A 2S-kW POWER MODULE PROVIDES THE BASIC SUPPORT FUNCTIONS FOR THIS 
MISSION. THE POWER MODULE PROVIDES POWER. ATTITUDE CONTROL, AND COMMUNICATIONS. 
INSTRUMENTS ARE PLACED ON PALLETS (SIMILAR TO SPACELAB) AND MAY BE EITHER RELATIVELY 
SMALL PRINCIPAL INVESTIGATOR EXPERIMENTS OR LARGER MU LI I USER FACILITIES. SHUTTLE 
REVISITS COULD BE UTILIZED FOR REPLENISHING CONSUMABLES (e.g.. FILM, CRYOGENIC LIQUIDS), 
MAINTENANCE. AND FOR RECOVERY OF THE PALLET AND ITS INSTRUMENTATION. EARLIEST 
POSSIBLE LAUNCH DATE IS 1§80. CONSEQUENTLY, LITTLE EFFORT HAS BEEN EXPENDE0.SXUDYING 
THIS OPPORTUNITY. 
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FUTURE LSS /PROPULSION SYSTEM DRIVERS 


LEO TO C60 QUBIT TRANSPER 

LOW THRUST TO WEIGHT PROPULSION FOR LARGE SPACE STRUCTURES 
WITH MASS OF 6fi00 to IS.OdO kg 


ATTITUDE ANO MOMENTUM CONTROL 

long LIF£-4>10 YEARS!, RELIABLE AUXILIARY PROPULSION SYSTEMS 

PROPULSION SYSTEMS FOR VERY LARGE (100 METER) STRUCTURES 

PROPULSION SYSTEMS FOR SPACE-ELAJ FORMS WITH CHANCING MASS 
AND INERTIAL PROPERTIES 
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POTEMTIAL LAR®£ SPACE 
SYSTEMS MISSION OPPORTUNITIES FOR THE 

POST iSSOs 


R. L. CHASE 


Analytic Services inc. (ANSEfti 
400 Army-Navy Drive 
Arlington, Virginia 222D2 


100 STAAteOlC WARFARE 


MISSION DEFINITION 


t jh BAiusnc Missiu oifenee 

%t» STMtEOW *m OEFENSi 
IMeFACEMHNSt ^ ^ ^ 

ui gflUtcaic cOmmano and cDmtiku. 

ISa eTHAfEOM: EIMVEUIAIICE MD MMWMia 
133 etEMTEOIti COtHMUMCATtOm 
lit itRATECbC SUPPORT 
2O0 TACTICAL WARFARE 

313 FME SUPPOAT 

313 MINE WARpARE 

314 LAND CdMRAT SUPPORT 
331 CbUNtERAM ^ ^ 

333 close Am EUPPORt/lNTEMMCtlON 

333 defense suppression 

334 AIR WARFARE SUPPORT 
331 ANTI-Am warfare 

333 ANTI-SURFACE warfare 

333 ANTI-SUSMARMS WARFARE 

335 AMPNiSlOUS warfare 

334 NAVAL WARFARE SUPPORT 

341 battlefield TNW 

343 TMEATER-WlDS TNW 

343 OEFENSIVE TNW 

344 SEA CONTROL TNW 

36 1 THEATER COMMAND AND CONTROL 

3B3 theater SURVEU.UNCE AND RECONNAISSANCE 

363 THEATER AND COMMON USER <»MMUNNiAtlONS 

aSB TACTICAL COMMAND AND CONTROL 

3BB TACTiCAl SURViaLANCE AND RBCO N NAlE S A i iCB 

3BT TACTWAL communications . , 

aSB ELECTRONIC WARFARE AND COUNTER C> 

aBAREPUEUNO 

aoo OEFENSeWlOE C3| 

313 O'ENERAL OiFENSi iNTELLMSNCS PNOO R AMS 

313 CLASSDiED PRoDRAMS 

314 OTHER intelligence PROGRAMS 
331 NAVMATiON aND POSiiiON PMOINd 

3aa sUpROrT and raSe communications 

333 OTHER SUPPORT PROOLAMS 

334 COMSEC 

4ti0 OEFEN$E -WIOE MI$SIOM SUFiKHIT 
411 ORBITAL SUPPORT. 0ROUNO 
413 ORBITAL SUPPORT. RPACE 


MISSILE fi£f ENSE 

THEATER TNW 

SPACE DEFENSE 

COMMAND. CONTROL. AND 
COMMUNICATIONS 

SURVEILLANCE AND WARlHNO 

DEFENSE SUPPRESSION 

FORCE SUPPORT 

FIRE SUPPORT/INTERDICTION 

MINE WARFARE 

SPACE TRANSPORTATION 

ORilTAL SUPPORT 

ENVIROiaMENTAL SUPPORT 
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POTENTIAL MISSIONS RiOUlSlNG 

large space systems 


• MISSiUDEFENSe 

• f NEAtEA TNW 

• SPACE DEFENSE 

• COMMAND. CONtSOL. AND 
COMMUNICATIONS 

• SURVEILLANCE AND WARNINO 

• DEFENSE SUPPRESSION 

• FORCE SUPPORT 

• FIRE SUPPORT/INTERDICTION 

• MINE WARFARE 

• SPACE TRANSPORTATION 

• ORBITAL SUPPORT 

• ENVIRONMENTAL SUPPORT 



MISSILE DEFENSE 

SPACE DEFENSE 

COMMAND. CONTROL. AND 
COMMUNICATIONS 

SURVEILLANCE AND WARNMO 

defense suppression 

FORCE SUPPORT 
ORBITAL SUPPORT 
SPACE TRANSPORTATION 


ZQ 


oM 





MISSILE DEFENSE 





SPACE D EFENSE 








COMMAND, CONTROL, AND COMMUNICATIONS 



SURVEILLANCE AND WARNING 
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ORIGINAL FAGS 18 
OP POOR QUALITY 


SPACE. TRANSPORTATION 






’ T?82 27362 

ORIGINAL PAC2 S3 

OF POOR QUALITY 


AOVANCeO SPACE SYSTEM CONCEPTS AND THEiR 
ORBITAL SUPPORT NEEDS (1980-2000) 


J. -Butts 

THG AGROSPACE CORPORA tlON 
ElSesuitdo, C«UloMU~tit2ASL_ 


ElfCTRONIC MAIL TRANSMISSION 


JM N OIA ANTf NNA 
ion MAMS 
MO channii$/Mam 

• hW AO POWtA 


• Fufipose 

Td 9 Md up tfeUvaiy and lomr cods of moSI matl. 

To sondce thinly populated areas. 

• RATIOIMLe 

OrllMry ot physicai letters Is slow and needless In most 
cases when ioci.ly reproduced facsimile could do. 

• amcEPT oescMPtiON 
Pape readers and facsimile printers at each post office 
ftad, transmit, receive, and reproduce mall., satelllle 
ads as mutH^channel repealer. 

• CHAflACteillSTtCS 

• RiEMlIfr 

• Sli 

• RAWMWIER 

• CMBir 

• eONSlEHAIfOM 8I1S 

• M8fi cATtGoanr 

• TiiwinuuMi 

• IOC eixff iMMonM 

•”isssmis6.»» paws 18 nil I in per second 
fit post office, tjp to IOO.TO post offices teniced In up to 
m of area of II. S. A. Tolal service ■100 billion 

pagesfday. 

0 BUIL0IN6 BLOCK REOINRCMENtS 

• TRMisi>oiirAfiON ShuMIe and lirpe tug or ftps 

• ON-onuiT OPCRAtlONS Automated or manual servicing unit; assembly Oh orbR 

• SUBSVtSTCMS Attitude control; antennl: processor 

• TE^SNOiOQV lenp multibeam antenna; muill-channel transponder; LSI processor; multmle-acoeSs 

• omCR None tecHnlgues 


20.tmib 

200-11 dia antenna 
ISkW 

$yncti. Iguat. 

1 

I tlowl 

IMO 

OOM 
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PERSONAL COMMUNiCATIONS WRIST RAOlO 



OUlQiNAL PAcJS SS 

OF POOR QUALITY 


• Pimpose 

To tXkm cItiMis to conoiunicato Ihtough eichingei 

VOlCvt f row oil jWIWvVto 


• IIATIONALC 


MiMtobtoplionesaiotoslfMt. buttheuMbowrlA 
Mrn. Uwslndutoomtiiency. rocnMtofl. iHitiMts. 


<SEi!tr£isis^ 


Me end •rist transmitter* 


raMiwrs onned MQpte aimehere to etch other directly 
ortotettohoneneMrts. Anatog or oocoded voice used. 


• CHARACrERttnCS. 

i’!sr 

• RAW POWER 

• ORBIT 

• OMSTEUATIONSI2E 

• RIAK CAItOORV 

• 22!^ FRAME 

• IOC COST ISPACCQNLYI 


• PERFORMANCE 

25.000 sImultoneouswicocMinneis. oach shared by 
uptolOOusers 2. 5 Mltlioiipeo(ite communicate by 
normbt voice. 


• BUILOINO BLOCK REQUIREMCNTS 



• TRANSPORTATION 

• on-orbit OPERATIONS 

• SUBSVSTEbdS 

• TECHNOLOGY 

• OTHER 


Shutlie and larqettendem lug or SEPS 

Automaied or manual seraiclng unit; assembly on otfiil 

Altitude cMlndrantehnl: processor; repeader 

assfisf”" 



VEHI CU I PACKACt lOCAtOR 


OniQlNAL fS 

OP poc^ QUAury 


* mMcIM tr ttWln In iWpmtni conlinuooiiif 
«l|lrihtmnli.S.A 

H>iMlnp ww nllonaMtwllorhl|artln 9 . Incr»» 
HHdMiey. «M nlnlMUM wror in thlpi^t 

* ®*?SfEin^r'!i\8cUtolor«^ 

«nt»rirtn»*«to ConiMlwhwquiiltd. 

l^n^antiniM 

dwsUllonary 
t 

II INMIun) — 

mo 

ODM 


• 

• SItt 

• MM 

• ORBIT 

• OONSIUAHOM BOB 

• MSRCATCOORV 

• UMBflUMl 

• lecooor (SoMMiiyi 
I miraiiMAiicc 


uptonntMliM milcliiM MtWnm an te to(^ 
1 J 00 Rnw»yl»iwr*«l(nl»w*l"l*-S-A, 

pMlaii <miM otO Itu flUM MA «RHI0 S ounttt. 

■UII.INIIO BLOCK REQUIREMENTS 

• tlMNSMIirAlfOM Shiiiliaindlamitv 

• ON4NtMT OPERANONB 

• 8U8SVSIEM8 

• liCMNaUKIV 

• OtNER 



A^itwMtBd flf BMiinwl itwimlv <nn arwang . ....>. ...-a-,-. 

Antenna iNlludi eanlntf. liter rater titannailiarlyBtt tete. Kf***^ .^*** 
nteteoMliti, iSl procaster. mulfliriaaattUlacnniOM. RatlonkapI Hte*unni 
CMte • LSI • coMKnar • tranmnter 


27 


OF POOR QUALITY 


U.N. TRUCE OBSERVATION SATELLITE 


mmmM 


# MMPttB 

AM U.N. MM»tomnlMrlnMMreeimnts, AirtMulariy 
lofttr MMH. andlMpon lytfra MMosWont ludt « 
MulMtowMlMn. 

«mtedHriMM*«lliapiUlllylnMffleates. it»a 

* ^%SUSmSm MsibM llghi opUcs (or 

d^Hflw oonNorMaaiM Mrand opiict lor nipM* 


AODIIIb 


• CNARACTtRISTlCS 


» 8 Mfi 




• ORMT 


ItW 

m luni noar-poiir 
1 

I (lON) 
l« 8 $ 

«M- 


• OOMSmiMMMtltt 

• RISK CAIiOOlIV 

• TNNEPIMIMi 

• R^C 008 r(SAMi«nl!|l 

* rMotuHon. <6(t (VlittW 120-R I.K. 
IflcaHw acoiirMpk nil Irufla oreo co*onrt 
MciiAqr. 

• tULIHNO BLOdt RROUIREMCNTS 

• nUMSHNltAllOil ShuMl* 



-muci Liiil 


• OOMMWITMMIUIIOIIIS 

• simsvsieMs 

• ICCHNOIOOV 

• otmeu 


ShuHlo anachtd manipulator 

Ml£?«eamer satelillti aiM EllTS: CCD (oal piano 


mm SURVEIUANCE 


O^I65l^>.l PA 

0)f P00« QUALITY 


• ^impose 

To (Med oMrt » covert MtempU il (ratsing 
itoflier. 

• ellefli and drug Iraffickert It a maior 
problem. Detection Is dtlllcult Uong long, unpalrolled 
tefdiri. 

• CONCEPT OESCmPTION 

Very many> very tmill teltmic tenters ire road out 

a t b tilelllle with very large anienna. Penetration causes 
bratlons wtilch are picked up and correlated at a 
central die. 

• CHARACTCmSTlCS 

• MiEioHr 8000 n 

WOOItadll 

• RAW POtNSII 20kW 

• ORBIT Synch. Eguat. 

• CONSmtAIION SUE I 

• RISK CAIEdORT 1 1 IMedlUffll 

• TIME PNAME ign 

• lOc COST ispaoaonlyl IIOM 

* a^nm^ objects detedeiL false alarms soded 

WcorrMationbelMen tensors and lencet. Sensor Ilia 
3. 3jNrt at one penetration atlenipl per senior per 

• BUII.DING BLOCK RCOUIREMENTS 


ovu^nuot 



• TRANSPORTATION 

• ON-ORBIT OPCRATtONS 

• SUBSVSIEMS 

• TE&SNQLOdV 

• OTHER 


Shuttle and tug 

AulMialed or manual assembly and servicing unit 
Structure; aililude control: antenna 

targe passive microwave antenna • statlonkeralng subsalellites: later master measuring 
small, Itgni, tong-llved sensor unlit which are very and control unit 

cheap HI mast production. 
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0RIG5NAL PAGS IS 
OP POOft QUALITY 


ASTRONOMICAL SUPER TEUSCOPE 




• PURPOSE 

fftMtonSIndwIedgSU iinlverioSyfliimlflillon of 
fMtlSI$lmlob)ecl». 

* *u!Jet?i!r£ lotofttsot hwe littuffnelent rosoiullon. 

NmI oMii mori than Uf «UI Sfovhio. 


iSmmSfo Af It • I « oiA 
AMU UMOfH « Ml M 

CONlT^SlULD'tOM cm IMIMIIMINCI 


^ and 100 Affl mirrors Is 
otiaso coniroiM al mirrars or near focal plane for 
constnidlM imertoiondo. laser llnl to Other 
cnss*array. 

• OMRACTCRISTICS 




• tMUONT 

• SIZE 


• COnsmLATKM SIZE 

• RISK CMEOOIIV 

• IMMEMAME 

a KK COST lSpacoonl)|l 


40,000 lb 
800 N cross 
10 kW 


300 nml circular 
Z-IOO km apad 

IV iHlohl 

2000 

miti 


^ii!3$ral)u^su^ to 6SQ0 light |Mrs with 
onocrosi tlesolinlonaf one crass*) a 10** radians. 
Sosolullon of 2 crosses * 10*>l radians. 



• BUILOINO BLOCK REOUIREMENTS 


• TRANSKNirAIION 

• OOMmSIT OPERAHONS 

• SUBSVSVEIMS 

• 1ECHNOLOQV 


Shuttle 

Automat**! sr manual service unit, manned assembly 

Mirrors, tiationkeeping, strudure. sefisor, phase control mechanism 

A^lve focal plane, mirrors, stationkeeping sensors 


• OIMER 


1 


HlOH RESOLUTION EARTH MAPPING RADAR 


OF POOR QUAUtY 


• PURPOSE 

n pravMi mipi «f IN tuifM «rilh high nwlutlon 
nnugli cloud MMT. 

• RAnONALE ^ ^ .. 

NosourCit. poUUHon, dtp. wiler. oNoinerobtttvatloN 
•up So oMed N Algii moiullon IN IroquoitKowtogo 

• (NnSSu 2 Miy high poMir onwldei high 
molulloii. On*toordlaMgepraotiiingailOM« Micro* 

MM dMo llnl lOr oil omINr CMMhIllly. 


110,00110 

lOilOOn 


• CMARACTERISnCS 

• WlClQlfr 
oSItE 

• RAMPOMER 

• ORBI? 

« eoNSitUiincM OBB 

• NSK CAYCOORV 

• IMMEPRAME 

• 100 COST (Spmonip 

• PERPORhIANCE 

200 WM grouN CMMi MOM 
raioiuliononcoodqf. U.S 


SJMW 

2innffli 


nitil polar 


II iMadiuini 

low 

WOM - 

lloloMihanalaialaal 
covoradavoiy Pa days. 


• RULRlNC BLOCK REOUIREMCNTS 



« iRMOSMMirAinON Shuhle 

• OOMMMT OKRA1ION8 Shuhlo Manipulator; servicing 

« tiUBSVSiEMS tNrmM, nucliar, poMr generator, radar 

• TECMNOLOOY High powr transfflifler; automated image processor, reactor, shielding 

oOiHER None 



HIGH EFFICIENCY SOIAR ENERGY GENERATION 




0|: PC0« QUALITY 


• PURPOSE 

to incrtlw the eiNcleney and dMirease me ceU 
«f Idler peMr delivery Irom ipece. 

• RATONALE 

idler eoMr setollildtwill be lerte, heavy, end 
Mvenilvi. 

• ^!r?<fency ?iS^ 8 * 5 Io 8 r¥oHeie cenversidn an be 

greUly increased by using Aulllple alls, och tailored 
Id the phi^ energy In a restricted spectrum; end by 

• IMKMr •.MMKH* 

• SI2C S.d«?.ykra 

• RAWPOMER 

• ORBIT 

• OONEIEUAHON BItt 

• RISK CATtOORV 

• tWim FRAME 
« IOC COST 

• perporma»^e 

idiM poMer delivered with one llflh the vtelght In 
dibit cempdred Id me current solar powr selelille 
Cdnceii (CS-tl end pretAble but undetermined Cost 

• BuMtS'RLOC^ REQUIREM^TS 

• transportation 

« ON-ORBIt OPEPAflONS 

• SUBSVSIEMS 




in, 000 MW 
Synch, cguei. 
1 

iviHlghI 

2000 

180 



• mt ANttNNA 
<MB MW oeuvtMd 


.technoloqv 

• OttSER 


liV and large tug and large SCPS 
Manned servicing unit; assemble in oHrit 
AHitude canirel; strudureS; p^r antenna 

if? 

Redenna on ground ” 


10 ON MdNI OOiAN asiO 
lACN WITM dlMINCNt 
OANO OAF OMNOV 


«r tubes: 
isign 
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ENERGY GENERATION - NUCLEAR /MICROWAVE 


OKJGMAL Fg 

OF POOR QUALITY 

• PURPOSE 

Ts StnarMe iiM MMt eiedriMi energy wKnoui 
goUiNloitorheiirS. 

• RATR)NAI.e 

AoMr II neeMiehich reguirei no redieidlve liialerlel 
on earth, grodueei no dmoipiterlc heUing, eng no 

A OreeOer reOcbr. MiA) tSutr oeneralor. ffllcrohive 
Irenimiller. end PierowMe anwnnii ere used lo Deem 
onergy to a ground receiver. Fuel breeding luppliei luel. 

• CMARACTERlStICS 

• bMEIOHr tBO 

oSiBe g.M'ftdie 

0 RAW POWER 10.000 MW 

• ORRir Synch. Eguel. 

• CONSmUtlON SUE 1 

• RISK CATEOdflY IV iWghl 

0 TIME FRAME 2000 

• IOC COST ispiee onip foo 

• PERFORMANCE 

S.OdOMcgawetts delivered penerconllrtubusly - with 
suNIcleni twi breeding lor a Hie ol el leest 1000 years. 


NUCUAd blAClM 
OAOIAVOn 


MHO OtMOAVOn 


hhch iouAir _ ..M. _ 

* onan 


■iicAUWAva 
ANIINNA 
UA • AS mM 


•^RUlLblNO OLOCE REOUIRCMENTS 

• TRANSPORTAWON 
A ON ORWt OPERATIONS 

• SUBSYSTEMS 
oTECHNdLOOV 

• OTHER 



oeuvsMO 


ILV and large lug and large S£PS 

Manned service unll, auUimaied servicing unll; asientble lii orbll 

sirurturo: attliude conirol; antenna; reactor; power unit 

large active microwave antenna; large reactor; heat radiator; MHD power gerteraSor; 

Hoctenna on ground, salety polrttlrtg and tracking sensor 


33 




OF POOR QUAUTf 


NlCHUllUMUilAtOa 


• PURPOSE _ . 

To onwido ittsM IP«Mlng wHheuI eai1ti*bi«d energy, 
pdlittlort. RreelHgMt. caUet. trenches, etc. 

• RAttONALC 

AHerMtlve energy sources are needed. 

• CONCEPT DESCRIPTION 

large area reliectars In space relied (he iniage el the 
sun onto the earth. Multiple saMllles uselio — 
mlnlmlM eonsirudlon difllcullles. 

• CHARACTERISTICS 


otARlGMr 

ioo.cn lt> 

• SIZE 12 mirrors odcli l.OOO-ft dia 

• RAW POWER 

UkW 

• ORBIT 

Synch. Equal. 

• CONSTBIATION SI2E 

I 

• RISK CATEGORY 

It (Mediumi 

• TIMEFRAME 

1940 

• IOC COST (Spaceoniyi 

lUM 


# PERFORMANCE 
ten times lull-inobn level Illumination at night provided 
to area in nml dia (no douds). Full moon level provided 
through moderate clouds. 

• BUILDING DLOCE REOUIREMENTS 

• IRANSPCMlTAtlON 

« ON-ORBIT OfCRATIONS 

• SUBSYSTEMS 

• TECHNOLOGY 

• OTHER 


Shuttle and large tug andfor SEPS 
Automated or manual servicing unit 
Attitude control; mirrors. SIrudure 
Large rellector; pointing; stationkeeping master control 
None 
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0R5Ci»-;s:. i*'; 

OF POOR QUALi lV 


FOWCR ReiAY SATELLITE 


Mt MHlCtlMt. tACN t MM-OI4- 


• FURMS£ 

Tofiwl* tor IrantnUsMt «l aledrieil pamr irom 
raoMto raglsns. oilnimlflngaAiAronmenlll lifipad. 

• RATtONALC 

tanr sitouM M gertcrde^ In nmole reglont. 
Sunny tide ol Cailli can iupply |MMar to nighi tide. 

• OONCCRT bCSCIIIPTlON 

Sdurai powr It eonveitod to a mlcnwan beam, 
bounced oil an orbillny nflecior. and reconverted 
to DC al receiving antenna on ground. 

• CMARACTeMSTICS 

• MEiOMr eOLoittib 

• 8I1K O.S-nmldla 

• IIAWjMlWIEII 

• oiteif Synch, tguat 

4 COMSIfUATMN SOF 100 

• MSK CATEGORY |V jHlghl 

• tllME FRAME 1995 

Oloctosrisgtoeonlyl ibB 

• PERFORMANCe 

5.000 oiegawaMs delivered to each ol 100 uter ireai 
5S genenl owrall DC-OC eHIdoncy anained. Total 
energy It aboull0peKenlolU.S. oontumyllon. 

• aULOING BLOCIC REOUIREMCNtS 

• tRAieAFORTAYlOld 

• ON ORRIT dPERAIIdNS 

• SUBSYSTEMS 

• TECHNOLOGY 

• OTHER 


S^ncn /'“% 
onaiT 



ilV and larp lug or large SEPS 
atarttted/autofflUed tefvicing, attembie In orbit 
AtiHude control: ilructoret. phase front conirol 
High efilciency, Urge, pattin steerable phaia IronI antenna; ion Ihruslert 
Crouito-bated elements 


m%mi NAVIGATION WRIST SET 


OF POOR QOAUTY 


CMO(* ANttNN* At ■ MNO 

AhM •• . tAlttUlitCt •!. 4 W MW(« 
AMlt 0t • taltiUlilCV #i. 4 W K»M« 


• •ecunto rtliilM portion location with 
vny Inoi^iflslM iHor oqulpinonl 

• HAltONALS 

Nwlgilbn lystim toiliowiwilniladiv uior 
•qiulpfliant costs. 

• *S!SKiffiiSl*WS{ *• I). I • i«» fijjjj 

lM-S.MMtonMtfpdnL 

• CMARACTemSTICS 

• WEIGHt An lb 

• size 2 hmI crass 

• RAW ROWER in , ^ 

• mTELLATIONSlZe , 

« RISK CATEOCmV IHModlUffll 

• TIME FRAME IJJO 

« IOC COST iSFAtt ONLY) U»M 


iVilCfl lOUAY OAtiV 


PIMIO •lACdMi 
IMACNIO »OA 
AlMAlACi j 
cAiliAAfioM -y 




^fAlQOlNCjr^J^ 
iiMPil AlCllVlA 
WITH OMMI 
AHtlNMA AHb 
CiOCN AtCUNATly 
VO IlUA / 


tooriaidlocallonclOOiimlaway. 'W V 

- usor racelwr can Cost loss than Old In blast ^ \ 

ifoduiitoo* 

R RUL0IN6 RLOOC ReOUREMENTS 

• W-C«TOirOPMATIOHS SnnMw^ilSoR 

nasurN unH 

• OTHER tSI racohors 



wncHT. la 


LAftGt STRUCTURES WEIGHT ESTIMATION 



quality 


MAJOR PARAMETERS OF REPRESENTATIVE CONCEPTS 


A 

POWER 

CCNCRATKM 


laser power 

REtlEOTOR 


raSar Reelector a 

RAOAR • 

^CdMMUNiCAIIONS OPTICAL « pmmo ocuv 

OBSERVATION * 

OPtItAl . A 


OPtiCAi 

OeSERVAItON 

• 

UD9I 

A 

COMMU^ICAfllMS 

uvYniiuii 

A 

COMMUNiCAtlONS 


A 

communications 

A 

OPTICAL 

OBSERVATION 

• 

RADAR 

REILECTOR 

1 

1 

• LOW ALTITUDE 

A nicn altitude 


-■ I ■ . ] . I 

to* lO* 

ON ORBII MAXIMUM CNARACTERISTIC BIMENSIOH N 
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PRECEDING PAGE BUNK NOT RLMEO 


•*MISSI0NS" PANEL WORKSHOP SUMMARY 


R. L. Chi$« 


Analytic Services Inc. (ANS£R5 
400 Army-Navy Drive 
Arlinoton. Virginia 22202 


The objective of the “Missions" panel was to define * ^'* J'’jL’'51“ssion 

r“ti;%ares^rnU3V“r«b^tr7cl‘vi^1an" 

lS?^ryrlnffo%ra:fzeircffly‘«T^ 

iri.fdhpSrfi^ 

"!!?'at^« 2'rot; se?tfon?f'’af*anS'e5%i.nian and Military Mission planners and 

’^''nfa«e^Ja:er^«i™M ti«e (sr^ap^jrh^js?- 

Jt^dTinre 

£teStf;l‘!lee^^^*^la?9l'sp«e1y1te5^f^^^^ 

Ksed iS an advanced sPate'systeM concepts study by Aerospace Corporation on the 

‘’''‘'ftj i5uuVe‘mrrbf thrpaSelVarto Ufect i set of Missions and advanced 
ef V^dresentatlve of the broad spectrum of opportunities described in 
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criteria. The panel activity was concluded by the formulation of a concise overall 
mission/system propulsion technology guidance statement for use by NASA propulsion 
technology planners. 

Figure 2 presents a summary of the mission set and the large space systems 
associated with each mission. The seven missions shown on this figure are not a* 
unigue set but represent all the generic large space systems considered by the 
panel. The seven missions are a subset of over 50 civilian and military missions. 

Having selected a representative subset of missions and systems, the panel 
ranked the mission set on the basis of perceived national need, both civilian and 
military. A delphi repetitive voting process was used to achieve a consensus. 
Figure 3 presents the results of the voting algorithm used. The missions and 
rankings clearly favor military over civilian needs, but they are Intended to be 
representative of national needs. Also, they acknowledge the growing importance of 
communication satellites over a broad spectrum of civilian and military uses. 

To assess the propulsion technology needs and risks, the panel established the 
following set of evaluation factors: 

Propulsion design need factors: 

Satellite weight 
Satellite orbit 
On-orbit maneuvering 
Station keeping 
Pointing 

Acceleration limit 
Figure control 
Contamination 
Fueling/servicing 

Technical risk factors: 

Technical risk 
Time period 
Priority 

The results of the panel assessment are summarized in figure 4 and show an emphasis 
on large-antenna-pointing propulsion technology. 

The panel concluded that the future utilization of large structures wil-1 be 
mainly for surveillance, communications, and defense missions. The systems asso- 
ciated with these missions are large antennas and platforms. The propulsion needs 
associated with these systems are primary propulsion for placement and maneuvering 
and secondary propulsion for pointing.- It is also recommended that future propul- 
sion technology include a concern about contamination and provide for orbital 
servicing, including refueling. 


FIQUflE i 
APPROACH 



FIGURE 7 

hission/system correlation SUmARV 


Mtsslims 

systems 

0 SPACE SCIENCE 

LARGE ANTENNA. OPTICAL SYSTEMS, 


planetary STATION 

0 COMMUNICATIONS 

large multiple ANTENNA 

0 COMMAND AND CONTROL 

COMMAND POST 

0 SURVEILLANCE 

RADAR, IR 

0 TERRESTRIAL SUPPORT 

large multiple antenna 

0 ORDITAL SUPPORT 

POWER STATION, SPACE STATION*, 


PLATFORM^ 

0 DEFENSE 

LASER (low PCNiER), LASER (HIGH POWER) 


• SPACE station: manned, INCLUDING FUEL DEPOT AND MAINTENANCE FACILITIES 

♦ RLATFORM: UNMANNED, SENSORS, COMMON I CAT I ONS^ LARGE STRUCTURE 
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OF POOR 


fWKGE IS 
QUAUtY 


PIOURR 3 

NISSION tIANKIHfi SUMMARY 


nidsioNS* 


MIORITV4 


1- SURVeiLLANCe I 

2' COmUNlCATIOhS I 

^ ocFCNse \fi 

4* eOMMMtl ANfi eONTDOL 2 

(WBITAL SUPPORT 2 

S- teRr£striau support 2/’ 

7> SPACe SCISNCE 2/7 


* AESEARCH ANO OEVElOPNENt MAS CONSIDERED NECESSARY TO AU OP THE 
MISSIONS RATHER THAN A SPECIPIC MISSION 

♦ RANKINS SYSTEM; 1, 1 , 7 MHtRE 1 IS tHE MI6HEST 


FIGURC 4 

ASSESSMENT OP PROPULSION RISKS AND NEEDS 


isilfitiss f tCfSfS 
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CRYOGENIC ORBIT TRANSFER VEHICLE 


«(. J. KETCHUM 


OVNAMieia 

C0itv»lr 6Mahn 

P.O. Om 80847, Oan Olft, CaUforiiU 02188 


GDC L8S/PROIPULSION STUDIES 
GDC LOW THRUST VEHICLE STUDIES 


AP-SAMSO - ON-ORBlT-ASSEMdLY DESIGN STUDY 


NASA/MSFC 

NASA/MSPC 

-NASA/LeRC 


APRPL/Rt 


LOW THRUST VEHICLE CONCEPT STUDY 

GEOSTATIONARY PLATFORM STUDY 

LOW THRUST CHEMICAL PROPULSION SYSTEM 
PROPELLANT EXPULSION & THERMAL 
CONDITIONING STUDY 

LARGE SPACE SYSTEM CRYOGENIC 
DEPLOYMENT SYSTEM 
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A SHUTTLE Ol>TIMIZED DESICIN GEEATLY REDUCES 
TRANSPORTATION COSTS FOR LSS MISSIONS 


aOC studied tef NASA M8PC (QUoststldnary PlHtforfti) huve determined thdt d shuttle optimleed dedlSn 
(tSB A Trunster Vuhlole in one shuttle flight) grdatly reduces transportation costs and mlnlfnlses orbi- 
tal operations. CnrbfUl utteMlon to design has resulted In effisient paylosd pbckagtng. A mlltfmum 
volume, high-energy (L6 jA.H 2) trsnsfor vehicle allows maximum volume for the payload in the STS 
orbiter cargo bay. Orblter supported deployment and chookout of the Spacocraft Insures mission ouo- 
cesB. Once functioning, the spacecraft Is transferred to Its operational orWt by tho low thruet vehicle. 



• ilNClf SHUTUf niOHf fO MAXllll2t [CONQMV AR0 MtNIMIlIl ORSlf Al OFiAAtlbNfi 
« iN|/Lik|Of«ToaiAkitii2lPAnoAb 

• MIHHIUM YOLIMI 01V rOMAXIIIIII PACKACf 0 (PACItRAf T 

• dMiTiR SUPPttiltiD OtPlOVMtNt AAO CHICKOUI OF SPACf tRAFT 

A lOtt ACttLtRATIdN tRANSFFR TO MlNlMllt lOAOS OR OtPlO ViD SPAtCfcRAFT 


LOW THRUST LO2/LH2 TRANSFER VEHICLES 
PROVIDE MAXIMUM PERFORMANCE 


Candidate high-energy low thrust LOg/t-ttg transfer vehicles include tho Centaur FAQ, and a more 
optimised design ualig a new lc’.v thrust engine and toroidal tanka. Geo payload capability up to IdOOO lb 
and 4d* long (packaged) payloads arc-tiosBlble with a single 65K STS. 
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AN OrriMDM PROPULSION SYSTEM IS REiNO 
DEEINED EOR LSS 



• ^t§NQIN£ 

* eN(ilNE«imiNfla/ORlViN PUMPS 

imnnicU mqUntpo 

RCKfor pulipsi 

« I^.^UMHimUfPRESSURE 

* RP8H 

iOj-^IPSI 

* AUTO^lNOilOH^Rl^eCO 

• €0M^6Sltfi SYRUCfUne 

• AiUHlNUMYA^Kd 

• PROPGliAMYASQUlQffjON 

* partial 6 GYUINQ 
A senGCNs 

• mliyanRiNsulationiiolayirsi 

• PRGSSURKATION 

A NGUUli#AfiPResS;02nUN 

* AUYOGGNOUSN^RUM 

• liROOVlNT/MlMCR 

• PlUANOdRAIN 

• iYjPSGC A60Rf DUMP 

• M 2 H 4 AY II YUUC CONTROL 

• FUCLCGLLPOWSRIUW) 
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SHUTTLE INTERFACES ARE REING DEFINED FOR 
LO2/LH2 VEHICLES . 
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A NEW LOW THRUST LO 2 /LH 2 ENGINE OFFERS A 40-50 SECOND 
Isp INCREASE (2200-2800 LB PAYLOAD) 

Although the RL-lO englhua oen run at low thruat, a new low thrttdt engine offers a 40-60 ejo. Im InoreaM 
over the RL lO, reeulting in an odditlonal payload oapablllty of 2200-2800 lb. Added aavlnga In ^ne 
weight end Vehlole aubayatema make thia even more attraotive. 



AN OPTIMUM PROPULSION SYSTEM FOR LSS 
REQUIRES TECHNOLOGY DEVELOPMENT 

Ah optimum propulsion system for LSS requires technology development of the engprte, feed systema, 
snd tankage. A 500 Iby lX3gA>H2 engine will have to run up to 10 hours, and.re-start 10-20 times. 
Innovations in propellant feed systems at low flow rates and low accelerations are needed for minimizing 
weight. I’he torus lX?g tank allows a very short stage, but requires careful design to minimize weight 
and residuals. 


A to* THRUtf/aiCH KRfOmiAaCt ENGiat |> 4iS M 

- sMAuruiirt 

- tootiac 

- loaOlURafMKt 


A tow ACCEtERAttON eRVOatNIC MOPtUANT PEED 

AcauoituiM 

fottSURIIAfiON 

au 


A tORUttOjfANR 

' OISlON lEHAPt, SUPPOHT.MFO, tOMPOaERTS INSIl, ASSPI 
SldSHMSICO.aApPUtl 

- RtSIlMiaiS lOPPSEI C.e.. ACdUIEitlON EVSTI 

- IMSUlAtlOa 
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SUBSYStKM ALTERNATIVE TECHNOLOGIES ARE 
BEING INVESTIGATED 


All ih0Be subdystetntt are being Investigatedl Iti detail In the AfftPL *'Large Bpaoe System 
Cryogenlo Debleyment System Study. '* Alternatives are being traded to maaimiiEe performance. 
Reeulte of this study will provide directions for technology development of the engine and vehicle 
propulsion eubsystemo. 


Enetne inrusl/IhroNlmo 
PressitfuatiOii ayalem 


Propetlani acquisitk)n 
Tank venting 
PropaUaoLutitu alien 
Propeiiani gaging 

ACOft dump 
PfOpellaOl dtixiure ratio 
tank contigiiraiion 
lank uisulalion 

lank ptebsure 


Alieniatlves to be Traded 


Trede Study 
Cone 


CfMerle 


Baseime thiusl level (SOO tbl) 

Increased mrusi levels 

Constant acceleration vs ddnstani thrust 


Thermal subcodiers 

AutogeneouS pressiiriratton with helium 
tor start up 

Autogenous pressurization with sub- 
codiers lor start up 
Hetiiim pressurization 


Settle propellanis 

Partial capillary acguisfUdn device 

Total capinary OcquiSilion device 

settled pfopeilOrUs with convontiOhai 
vedting 

2ero*g thermodynamic venl system 
Use PU system 

No PU system (save added complexity 
a cost) 

Capacitance 
Poml sensors 
Nucleonic 
RF gaging 
Accurate llOwmeier 

Oplinlize Sum ot pressufani piuS bne & 
vaoie sizes 

Optimize lank weight A length (coordinate 
with engine peilormance) 
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Baseline Wehicte detimium 
Baseline mission definilion 
Shuttle payload constraints 
Shuttle operaiidnat consUOinls 


RetiobOiy . 

Simplicity 
Lite cycle costs 

Performance 
Weight A length 
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Identify beneficial 
atternaiivcs 


Tiade LH2 tank bulkhead shapes 
Trade 162 torus cross section shape 

Multilayer uiSulatioht vary number Of 
layers 

Spray on loam msiitalion, vary thickness 
Maximum tank pressure vs skin thickness > 
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gik:'s opt otv program evauiatrs 
lss/propui-sion interactions 
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OI^T OTV COMPUTER PROCiRAM 


The 01)C *t)PT OTV'*Com|iutf^r progrnm considers all factors Involved In L8d4»ro|lutalon optimisation. 
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IUTlilli<: KEQUIRKMKNTS FOR 
ORBiXALJJtANSKER 


• VlAY HICH PlRrORMANCE 

lS^3d,QQA POUND PAYlOADS. SiRViCINC:. AND ROUND IRIP 

• lOW ACCEURAIION 

MARIMIZC SIZE » LAROE SPACE StRUCluRtS 

• REUSASIUTV 

REDUCE OPERAIING CO^IS AND/OR RllURN PAYIOADS 
TO SHUtlU 

• MANRA1INC 

ORBIT IRANSIER AND SORTIl FOR CRFW MODULlS 

• AEROMANEUVERING 

PIANE CHANGCS^ braking 10 LOWER ORBII AND/OR 
EMERGENCY REERIRY 

• SPACEBASING 

FREE FROM SHU11LE CONSIRAINIS 


PAGE 
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storable Orbit Transfer Vehicle 


w. E. npu 

MARTIN MARIETTA AEROSPACE 

Cenvea division aoSt office aoK denvea. coLORAOOJoan 


Future Air Force atid NASA spacecraft will be launched by the Space 
Transportation System (STS)> These missions include conmiunicationSE 
meteorological, intelligence gathering, earth resources, and 
servicing. The satellites will be carried to low earth orbit on 
Shuttle and will need a vehicle to transport them to their final 
orbit. The present transfer vehicles (lUS, SSUS, and MHS) have limited 
delivery capability and cannot meet the needs of the future. 

under Air Force contract %ie recently completed the development of a 
mission model for NASA and OOD out to the year 2000. The model 
contains over 600 spacecraft deliveries including Large Space Systems 
(LSS). TO evaluate the Orbit Transfer Vehicles (OtV) against mission 
model requirements the model wSs separated into five Categories based 
on energy required, g>Uvel, spacecraft deploy/return, operational 
constraints, mission duration, and packaging. Propulsion systems 
compatible with each mission category were then Selected for 
evaluation. A total of 41 candidates Were selected Which included 


S3 


flcorable propellants, cryogenic propellants, and electric propulsion. 

For the LSS tsission category a short LO 2 /LH 2 sydtea with torus 

selected over the storable N 2 O 4 /MMH OTV based on 
economics, the lower Life Cycle Cost (LCC) for cryogenics resulted 
from the very high energy requirements of the proposed future 
missions. This resulted in increased Shuttle flights for the lower 
energy storable OtV. 

To present the benefits of a storable OTV and its relation to LSS we 
must first look beyond the LSS missions and assess the high energy 
missions being flown today. These missions include all present flights 
to geosynchronous (GEO) and those projected that are 10,000 lbs or less 
in weight. For these missions (Category 11) the storable OTV was the 
lowest cost and had substantial economic advantage over a cryogenijc OtV 
or the Inertial Upper Stage (lUS). The primary reason is the — 
importance of length. For example, one of the included charts shows a 
2 O ft long OTV with 12,800 lb delivery to GEO has the same mission 
capture Capability as a IS ft long OTV with only 7,700 lb delivery 
capability. Storable OTV's that exhibit this capability include the 
Si'S Transtage with over 8,000 lb delivery to GEO and an advanced 

storable with over 12,000 lb delivery to GEO. Figures showing these 

vehicles are included. The Transtage was developed during the 1960s 
and has a demonstrated reliability of 96 percent in its 26 operational 
missions. For the STS Transtage only mandatory changes have been 
incorporated to meet program requirements as well as NU 8 1700. 7A, 

Safety Policy and Requiresients for Fayloads Using the STS and 
lCD-2-19001, Shuttle Orbiter /Cargo Standard Interfaces. 

Comparing the delivery capability of the storable OTV to the mission 
requirements show the lower energy LSS missions can be accommodated 
very effectively. The storable OTV requirements for LSS mission 
requirements are presented for both a stowed LSS during transfer and a 
deployed LSS during transfer. Current studies for some of the lower 
energy LSS missions are looking Very Serijusly at stowed LSS transfer 
with a storable OTV. The most Significant difference in propulsion 
requirements for stowed Versus deployed LSS transfer is thrust level, 


Hunger of bumsi and global angle* The thruet; level ie driven by the 
lov g requirement. The mn^er of bums is driven by performance, where 
multiple perigee burns can reduce the delta velocity to 6E0 for low 
thrust from approximately 16, POO to 14,600 fps. The gimbal angle is 
higher for deployed LSS transfer because the e.g. is not well known 
prior to deployment since the LSS with less than one g capability can 
not be deployed in a One g ground enviroOiseht. . . . 

In conclusion the storable OTV is the most cost; effective vehicle for 
current missions, tt con also meet Low energy LSS requirements. The 
cryogenic OTV can best meet future high energy missions such as manned 
missions at GEO. for large traffic of high energy LSS missions it is 
awre cost effective than the storable OTV. Electric propulsion has the 
potential for economic advantages over the storable or cryogenic OTV 
when delivery transfer time is not critical end the ener gy require ments 
are very large. 
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Propulsion Concept Selection Matrix 


Mission Caleoory 

1 

II 

III 

IV 

V 

Mission AsNsimortt 

• Enorgy 

• 9*l0V0l 

- oogioyfRotrleve 

• Operailons/Ouro* 

LoKf Energy 
■ Deploy/Reirieve 
• ^V<8Kfps 

High Energy 
■ Deliver to OEO 
• Wt < lOK lb 

LSS* 

• Wt 6K-300K lb 
- g- level D. 09- 1.0 

Heavy Singles 
- WOZOKIb 
•^^V>14KfpS 

Depim/Retrleve 
to CEO 

• /^V>28KfpS 

g 

8 

il 

• 

Single Shuttle lai 

inches 

Multlshutiie Launches 


• Propulsion 

• Drivers 

* Packaging 

• Plexibiilty 

- Perlermanco 

- Packaging 

- Performance 

- g- level 

- Some Packaging 

- Performance 

- Duration 

- Performance 

• Flekiblllty 

• Duration 

Electric 
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• 1 Baseline Hg Ion (Solar Power! 

- 3 Large Inert GOs (Solar Power! 

• 1 MPD (Nuclear Power! 

- All concepts Considered S/C Power 

- Transfer Time 

- Flexibility 

Solid 

(1980 Technology! 

d) 


1 Baseline- lUS 
- SSUS-PAMA 
PAMO 







Propulsion Concept Selection Matrix (conci) 


Mission category 

1 

II 

III 

IV 

V 

Mission Assesv 

- Energy 

- g-lm/Ol 

• Deploy/Retrlevo 

• operatlonsfOura- 

- Depioy/Retrleve 
• ^!sV<8Kfps 

High Energy 

- Deliver to GEO 

- Wt < lOK lb 

LSS* 

• Wt 6K-300K lb 
- g- level 0.05- 1.0 

Heavy Single 

- Wt>20Klb 

- AV ^ 14K fpS 

Deploy/Retrieve 
to GEO 

- AV>28KfpS 

tion 

• Packaging 

Single Shuttle Launches 

Multlshuttle Lauhch( 



Propulsion 

Drivers 

- Packaging 
• Flexibility 

• I'Orformance 
- Packaging 

- Performance 

- g- level 
Some Packaging 

- Performance 

- Duration 

- Performance 

• Flexibility 

• Duration 

Storable 

• n^o^mmh 

- CLFjDIBjH^ 

• Trlprop ()9! 

- 1 Baseline MMS 

- ZN^O^/MMH 

- iCLFjO/BjH, 

- 1 Baseline 

• 2 Packaging 

- 1 Propellant 

• 1 Reusable 

- 2 Two Stage 

- 1 Baseline 

- 1 Tripropeilant 

- 1 Propellant 
(Alternative 

- Approaches 
on Mission 12! 

^N!jrtCom|iet|tm 

2S. 

Cryogenic 
• LO^LHj 

•W4 

\^lt life 

- 1 Baseline 

- 2 Packaging (IMRI 
• 2 Propellanis 

- 2 Reusable 

- IBaseli.ie 

• 1 Packaging 

- 1 Propellent 

- 1 Throttleable 
Engine 

- 1 Baseline 

- 1 propellant 

- 1 Cryo/Storabie 
on Mission 12 

* IBOsellrie 
- 1 Propellant 
(multitank! 

Combination 
- Ilquid/Solid 

• 1 N,0JMMH/Solld 

c <1 

- 1 BIpropISolld 

- 1 S/C Assembly 


- PWtojmWJe 



'UO vs CEO Assembly 
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LSS Conclusions for Liquid ChemlesI Vehiclos 



• low Tiirusi sfid High Performance 
Required 

• liCC Of Cryogenic Stages lower Than 
Storable Comblnatloni 

• ICC of All Cryogenic Stagei Nearly 
the Same 

■ No ICC Advantage tor Tripropellant 
or Advanced Propellants 

• No ICC Advanta^ lOr Throttleable 
Engine 

- No ICC Advantage or Penalty lOr Short 
Stage (Note ISS Mission DefinitlonsI 

- DOOftesults Unchanged by NASA 


ORIGSNAL PAGS fS 
OF POOR QUALITY 


HlghxEnsrqy Missions - Conclusions (Catoqory II) 



Eiipendable Vehicles 

No Advantage for Advanced Propellants 

lowest ICC Is N.OJMMH 

c 4 

DOO Results Unchanged by NASA 


■ EsHmaied lUS Transportation Cost 
for 12 Missions Not Captured 
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Category II • Effect of Stage Length and Performance on 
DOD Mission Capture 



original i»age is 
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STS TRANSTAQE CONFIGURATION IMPROVED 



VEHICLE HOPS 

• 4 OXIDIZEH TMUCS (SHORTEtlED) 

• MIXTURE RATIO 1.6S 

• INCREASE STRUCTURE SHELL OIA 

• REPLACE HELIUM SPHERES (ONS) 

• ADD SGLS TT & C (lUS) 

• ADD PROPELLANT UTILIZATION 

• ADD ADDITIONAL ABUTIVE LINER 
FOR ENGINES 

• REVISE EXISTING IGS-S/M 


ORBITER INIERFACE 

• ADD STAR TRACKER AND ASE 

• DIRECT RAIL ATTACHMENTS 
(NO CRADLE) 

• UTILIZE OMS KIT DUMP PROVISIONS 

• RMS FOR DEPLOYMENT 


PERFORHANCE OPTION 

• lOOil ENGINE NOZZU 


SATISFIES PLANETARY 
MISSION REQUIREMENTS 
NITH^-EGA MISSION 
DESIGN 
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OWCalNAL PAG£ iS 

ASDS Minimum Tank Length^MuIttenglne OP poor <)uauty. 

N 2 0 4 /MMH Stage for MIsalons In Category II 


ASOS Vehicle Belinilioh 

Proouisloh Svstedb SldraWd 


. cede; II tS'C 

Prooetlartt: N.GUMhM 

. MR; 

2.4 

Main Enairio; Thrust 15000 

^ 'le 

341.0 sec 

PayioadOeiiyervtoCEO 12759 


Ibl ASE 30001b 

L. : 

Item 

Weight lbs 

Remarks 

Avidnics 

736 

• 

Structures 

911 

• 

Thermal 

149 

• 

Propulsion 

1200 

m 

FU Tank 

121 

ALI2219-T87I 

OX Tank 

205 

SF1.5, NdF30W 

Propellant Feed 

307 


Pressufltatloh 

101 


engine Assy 14 Enginesi 

406 


B'lb Noiaie Actuator Each 


lALRCl with Actuators 

ACPS 

359 

• 

SuOtolal 

3415 


Contingency lOh 

342 


Dry Weight 

3757 


Propellant NohUsable 

423 

•0.5% Outage 

Burnout Weight 

41B0 


vented Propellant 

104 

2 Burns/4 Engines 

Propellant Loaded 

45224 


Stage Initial Wt 

48981 

Mak Shuttle Capacity 

Propellant Usable 

44697 

346 ACS 

Mass Fraction . 

905 

Usabieilnitiai 


CoMlgufitiofl SMch 



tetes : 

Etwine; 4 Sln^itfi • 37$0 lii^ Contttnt thruil 

< • 400!!. fc • 14)0^1. 4M Retlfcttd Nozllti 
92.»Efl. 

Mliilort; UO-CEOl Burns i. aV • 14000(^1, 
LaiirtCli tb Burn 1 day^ 6 hr trinster lime. 

PiL Reserve Perlormance ACRS Prnpellant 
Reserve lOlK PreRelierU Outage 0 . S» 

Regulated Helluei, AittHent Storage 


* typical to tabulated Baseline Storable Stage 


Storable OTV LSS Mission Requirements 


Requirement 

Stowed 

Transfer 

Deployed 

Transfer 

Remarks 

TrenStar Time tnom) 
Number ot Burns (rntnl 
Launch to First Burn (maxi 
Coast Time Outside Orbiter 
Operational Altitude 
Burn Duration tnom) 
g-LOvel (max) final 
Thrust (max) Final 
Cimbal Angle 
Vehicle LOnt^h (max) 

Saimy 

6 hours 
2 

iDay 
1 Day 

LEOtoNEO 

20 min 

3.og 

15.000lbf 

♦odeg 

f4R 

NHB 1700.7 

31 hours 
9 

7 Days 
7 Days 
LEOtoNEO 
9 hours 
o.o5/l.og 
500 Ibf 
♦ 10 deg 
T4ft 

NMB 1700.7 

8 Perigee Burns ttow Thrustl 
B Perigee Burns (Low thrust) 

5tS Capability (7 Days) 

STS capability (7 Days) 

High Earth Orbit 
45.000 lb Of Propellant 
Deployed LS$ g-Bange 
500 Ibf (l(t 000 S/c^ Stage) 
Deployed LSS eg Uncertainty 
Based oh 42-R S/C 
Propellant Dump for Large Stages 
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Coneluslotis 


SiofabteOtV 

• Mi)si Colt Effective Aptnreacn tor Cumnt MltoliMii 

• Can Meat Icw-Ener^y L$S KequIreMenti 
Cryogenic OtV 

• Best Approach for future Hlgh»Enorgy MIMlonA i. o., MannW Mlieion M CEO 
. Cost Effective for Large Ouantittoi of Hlgh*Energy LSS Missions 

Electric Propulsion 

- Con Be Economical tor Very High Energy Mission Requirements 
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ELECTRIC PROPULSION: 

SYNERGY OF ORBIT TRANSFER AND MAINTENANCE 


S. Zafran 

mm 

mnmii tim jmci srs nuts gikm» 


Electric propulsion has the dual capability of transferr1n(| large 
payload lAass from LEO to GEO, and providing accurate on-orbit station- 
keeping with reduced mass cdntpared to chemical auxiliary propulsion. 
Integrated propulsion studies have investigated orbit boosting. Inclination 
change, attitude control, stationkeeping, relocation, dispbsal, and power 
sharing bn-orbit with electric propulsion systems. A solar array point- 
ing strategy has been developed to minimize the effects of atmospheric 
drag at low altitude, enabling electric propulsion td initiate oroit 
transfer at Shuttle's maximum cargo cariying altitude. Attitude control 
requirements are generally met by gimballing the primary orbit transfer 
thrusters, and using electric auxiliary propulsion thrusters On-orbit. 
Chemical auxiliary propulsion thrusters Only provide a backup function 
during the mission. Gravity gradient torque is used during ascent to 
sustain the spacecraft roll maneuvers required for maximum Solar array 
illumination. Stationkeeping is the most di^nding on-orbit propulsion 
requirement. At area densities above 0.5 m^/kg, East-West stationkeeping 
requirements from solar pressure exceed North-South requi renfents from 
gravitational forces. 


Tradeoffs between integrated electric propulsion system mass ratio 
and transfer time from LEO to GEO were conducted parametrically for 
various ttiruster efficiency, specific impulse, and other propulsion para- 
meters. A computer model was developed for performing orbit transfer 
calculations which included the effects Of aerodynamic drag, radiation 
degradation, and occultation. The electric propulsion system mass included 
power source, power conditioning and controls, thrusters, gimbals, propellant, 
propellant storage and distrib'ition System, thermal control, and Structure.^ 
Significant residual on-orbit power (generally greater than SO percent) was 
found to be available for payload utilization. The tradeoff results 
showed that thruster technology areas for integrated propulsion should be 
directed twards improving primary thruster efficiency in the range from 
1500 to 2S00 seconds, and be continued towards reducing specific mass. 
Comparison, of auxiliary propulsion systems showed large total propellant laass 
savings with. integrated electric auxiliary propulsion that results in a 
leveraged increase in net spacecraft mass. 


SUtHAftY 


• ELECThlC l>R0PULSI0N ADVANTAdES: 

- ruts LARGE PAYLOAD NASS ON-ORBIT 

- PROVIDES ACCURATE STATIONKEEPING ON LONG LITE SATELLITES 
MITH REDUCED HASS 

- PROVIDES ON-ORBIT POWER 

• WITH FEATHERED ARRAYS. ELECTRIC PROPULSION INITIATES ORBIT TRANSFER 
AT SHUTTLE'S NAXIMUM PAYLOAD CARRYING ALTITUDE. 

• ELECTRIC APS AND PRIHARY EPS THRUST VECTORING MEET MOST ATTITUDE 
CONTROL REQ'TS. CHEMICAL AUXILIARY THRUSTFRS ONLY PROVIDE BACKUP 
FUNCTIONS. 

e E-W STATtONKEEPING aV FROM SOLAR PRESSURE CAN BE GREATER THAN N-S 
aV REQ'O. 

• GRAVITY GRADIENT ToRQUE tS USED TO SUSTAIN S/C ROLL MANEUVERS FOR 
MAXIMUM SOLAR POWER DURING ASCENT. 
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GEO MISSION DEFINITION 


NO. 

VWPL h 

MISSION TIME 
IVEARSI 

1 

1 

10 

2 

2 

10 

3 

3 

10 

4 

4 

10 

S 

2 

8 


INITIAL ALTltUOe. . SM Rm 

PINAL OPERATION ALTITUDE. H| , OEO 
INITIAL INCLINATION, . 28 . 6 ^ 

PINAL CNIERATION INCLINATION. (P* 
DISPOSAL ALtmiOE. H4 . 4 OT 80 Rm 


PROFULSION FUNCTIONS INVESTIGATED 

« ORBIT SOOSTlNQ 

• INCLINATION CHANGE 

• ATTITUDE CONTROL 

• STATIONREEPINQ 

• RELOCATION 

• DISPOSAL 

• POWER SHARING ON ORBIT 



ANALYTICAL AmOACH 


ORIGINAL PAGE IS 
OF POOR QUALITY 


• (MBIT-BOOStINO 

- SOLVED OBAVlfATlONALEOUAriON 

- ADDED OCCUITATION 

> ADDED AEROOVNAMlSDRAd 

- ADDED RADIATION DEORADATION 

- developed optimum array illumination strategy 
•— ALLjOTHER punctions 

- IMPLEMENTED RDGKET EQUATIDN 

• l,pPOR AUXILIARY PROPULSIDN SET AT 30D0 SEC 

• PLANE CHANGE INITIATED ABOVE RADIATION BELT 


TRANSFER TIME TRADEOFF 

(MepsAApi.lT- 20 
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TYPICAL NASS RATIO BREAKOONN 


OWGINAL PAQg lo 
OP POOR QUALITY 



EPPECT OP SPECIPIC MASS ON TRANSPER TIME 


(CASE li n - 4SK AT 1780 SEC) 



COMPARISON OF ORBIT TRANSFER AND ON-ORBIT CUMULATIVE FlUiNCE 


jiliVJtECTftOWS 

Cir 



OROIT 

TRANSFER 

10->VEAR 

INOREMENT 

SOUR 

FLARE 

TOTAL 

RESIDUAL 

FOWERdU 

1.0 

SX10<® 

1.0X10^® 

SXIO’® 

3.08X10’® 

00 

to 

MXIO’® 

1.0X10^® 

sxio’® 

3.38X10’® 

00 

SlO 

I.6BXIOI® 

1.0 XIO^® 

3X10’® 

IJOXIO’® 

88 

40 

1.00X10^® 

1.0x10’® 

3X10’® 

IJ8XIO’® 

08 


ORSaSI'JAL 6 -kGc JS 
C>F PCOR QUALITY 


MAJOR AUXILIARY PROPULSION ilV REQUIREMENTS 

IN TEN VEAR MISSION (M/SEOI 


FUNCTION 

ELEOTRIOAPS 

_ . 

CHEMHMLAFS 

A 

N-S STATION REEPINd 

IF- 0.81 

(F-OI 


LOW VALUE 

(804) 

(608) 

(68) 

HlOH VALUE 

639 (» 

61S’2> 

84 (21 

E-W STATION KEEFINO 

(F-0.3) 

(F-W 


SieSIZE 0-30M M||-3700Rfl 

(316) 

(344) 

(13) 

d-OOM Mf|-81dOKfl 

833 

431 

103 (2( 

REFOSITIONINQ (6 0180^1 

361 

130 

139 

DISPOSAL AT END OF MISSION 

OEO TO 40. 188 XM OROIT ALTITUDE 

101 

101 

— 

TOTAL 

1888 

1301 

388 


(II f- ASSUMED DUTY CVCLE 
(9 tNESE VALUES USED IN tOTAL 
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EAST-WEST VS NORTH-SOUTH STATION KEERINO REQUIREMENTS 


ORIGINAL RAGE IS 
OF-ROOR QUALITY 



BSastmtsdr anunnm 

DwitCNIM rARM BkATI 
BSiSSBiMATraLt ANtCNNA 
^ WmWIilA 

i>MM nmtt 

RttMMWTAtlV* A/IRII/MWIE8 W8/Cl«VWfKIA«0*Y iOtWIO (RtriRfRCf <1 


MODULAR ANTENNA S/C CONNGURATION 


IMiMimilAIIIIANIIItIttWt 


WACttWtfT WWtWf AtWII 








CONCLUSION 


• LAteE PAVlOAO tHANSFER FROM LEO TO 6EO IS POSSIBLE WITH OEMONSTRATEO THRUSTER 
EFFICIENCV 

• thruster EFFICIEHCT strongly affects TRANSFER TIME 

f ELECTRIC PROPULSION SPECIFIC MASS (INCLUDING SOLAR ARRAY) STRONGLY AFFECTS 
TRANSFER TIME 

• SUSTANTIAL RESIDUAL POWER IS AVAILABLE FOR ON-ORBIT FUNCTIONS 

• LARGE TOTAL PROPELLANT NASS SAVINGS VIA INTEGRATED ELECTRIC APS RESULTS IN ... _ 
LEVERAGED INCREASE IN NET S/C MASS 

• SOLAR PRESSURE EFFECTS REQUIRE MOST STATIONKEEPING AV FDR A/M > O.S M^/Kfi._ 
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STRUCTimES - PBOPULSION mTERACHOHS & KEQUtRfiMENTS 

C. D. PENGBLLBY 


C 0 nv<fr DM$hn 


WIDELY DIFFERENT TYPEg OF STROCTDttE 


WhMl ■fcriy w^ ttw intoraoHoh df * 0tTU<!ture wtih tta pro|Mliilofi 070 teiii oM imiat o6iUldar 
vide variety of emifigaratleii types diet may be Involved. Wblla mission analysoe mey 
provide i good Idea of overall bmetlonsl reqidvements of the apaeeorsft to be Involved Ihv give 
Hide Idea Of die Mewat ehlpes. In revleviHg prOjeeted missions one possible breakdovii Into two 
general eategorlea la suggested 

<1) Matforms 

(S) . 'VShrlatmae Trees" 

The term**|detfiMnn" has been vldety used In the last several yeavs, patticularly In oonneotlon 
wlttk spaoe based radar and power stations. 8udh a structure gives the Impression of a flat disk “ 

It may be curved aomenhat, like a ssueer, or have a pentagonal outline and be tndlt up with etruth 
and vdtee and have inidane arms slioldiig out, but nevstthelesa It le disk like — and It will be 
thruated from the oeider with a fbree perpendloular to its plane. 

Vu>graghs ft) end (2) ate examples Of suOh structures. Their loadings will be essentially eym- 
metrloal and dynamle diaraoteristlos osn be Scribed roughly In terms Of beam or plate modea 

However, i whole Class of potenllal str<*oturss exlat that cannot be oategoriaed as 'VliHbriAs." 

One example le shown In Vn-gra|di (3), which la a proposed conBguratlon for the Oeostationary 
COmnundoatloas Platform. Ihe term "Platform*' IS no longer descriptive here, but Is a hang-over 
from earlier system concepts Studies la which little eonslderation had been given to actual space 
Ityeute. Vu-grs|di <3| IS oharaCteriSed by beamSi arms and masts prelecting In all three dlmensloiis 
and earryliH aideimas or other scleidlfle devices, ft Is certainly flimsy looking and dlsplaya little 
evidence of Symmetry. Por vrant of a better term, such spacecrall have been categorised as "Christmas 
Trees. " 
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OPTIMIgATtON 


OI^IOINAL PAQg IS 
OF POOR QUALITV 


Wheft 0|itlfniBing » propulsion sjratoM for tralfopiirtBtton of o fomlly of largo Spaoo Mruoturos, 

■nd only general requlrOftteitta for tho atruotureo ere foiown, ono Is foroed to simplify and IdeallKo. 

In odditloiit one must shoose a parameiDf - or parameters to be optimised. t*ot 0 ntlal examples 
are, area* usofol welgbtt doneetloMS, transfer time, eto. Qlven constraints of tho f^huttle Orbitor 
lilt oapobillty and cargo bay siao It to easy to eboosa nnxtmnm area as the paramoter to be optlmlaod for a 
'Platform" typo. 

In the ease of the "Chrletmas Tree” the oholoo la more diffleult though. Certainly ares la hardly applloibte. 
In tho actual case of the "deostatlenary Communieatlona Platform" etuifioB, tho retpilred number of ahtorniaa 
and Bpaoe experimanta for exceeded the posslblUiy of e single ghuttle flight, and roduotlon of the number 
of fllghta to a minimum was a major criterion for optimisation. However, folding and packaging of tho 
various mee iidams to lit wlthlii the catgo bey proved to be the drlVIAg problomO|tthllo Sonalllvity to 
transfer loads seemed to be less provided tho thrust to weight ratio was not more than about . 02 or . 08. 

If lUndligi were available. It would be desirable to analyse one tr two speolllc "Christmas Tree" Conflgtt- 
ratlons in some detail to determine their sensitivity to variations. Because ef technical complexity, 
this would be considerably mere costly than for similar work on **Platforms" end may not feasible. 

For these reasons It Is prubable that optimising for maximum area of a "Platform" type of Large Bpaoe 
Btroctore is the beat possible procedure for establishing thrust characterlstloa of a new transfer stage. 


PYNAMIC nrrMACTIOKS 


Stotio LOttdfl 

for a constant Qurust to wel^ ratio (tAN) Hie Large Space Structure experiences Constant aC- 
celMitlon leads which reault from forces which are eipiial to this acceleration tlmea the misa of 
each Item In the ayatom. If T/lf varlea then we define as 'Btatic Loads" thoae loada wfalidi Come 
from the instantaneous TAf times the mass of each Item. 

Thfiiat Transient Londa 

when tAn varlea very slowly the atatlo loads approximido the octusl loadsi but whan It varies 
quickly dynamic tranalant loada are generated v^oh make the total aotual loada considerably 
greater than the static loada. The ratio of the rnoximuiu actual load to the maximum atatiic load 
la called the "Dynamio AmpllBcattoa Factor." 

Vu-grsph Ho. 8 la on example computer elmulation of aetuhl loads experienced during the main 
oiigiwa start transient of a Centaur. The maximum attdlo acceleration la approximate^ too in/seo^ 
while the artual load on the engine la raen to be over 600 In/seo^. Other parts Of the ayatom expartonoe 
other values. 

vu-graph No. 6 shows caloulatsd response of n simple single degpree of freedom system to a trapeooldsl 
engine HirUfo function. Tho thrust rtso time 0) Is approxlmBteiy 1/4 of the natural period of tho oystem. 
The dyhamio ampUfloation factor Is 1. 0. In the limit, where the rise time spproaohea xero, tie factor 
for an undamped alfigle degree of freedom aystem approaches 2, vu>graph Ho. T Shows the sttect of 
inrreisli« the thrust riae time to . 8 times the natural perlodi hare the ampllfiostlon factor has dropped 
to 2. further increase in rise time would produce further reduction In factor until, In the limit, 
the factor would become 1. 


i 
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Vu-^flith Net. 0 la m oaanipla of a^mmait outfiM from aft actual dytlftmlo icada raalyala Ibr tlw OOA 
filatform. It Will tm ncted tllat tho muKliAuln arm ftp aoeelaratian of , lllg la 9 1/4 tlmea the atatlo T/V, 
namely . 094g. Howaver, the beftdtitg moment at the root of arm D la only 2. 2 tlmea 0ie atatlo moment. 

For fhia enafAple the loweat atruotural natural freqnetioy waa . 102 Ha and the thruei build up time waa • 1 aeo. 

Thua the ratlft ef build up time to natural period la • 01 indieatlng an almoat inatantafteoUt' build tip from the point 
of aleW of the etruntura. H build up timeO in the order of a few aenonda can be achieved then real roaponcAa would 
be more tike the oaamplea of Vu-graphn a and 7. 

Vu-grapb Ho, 0 llluetratoa the oHoct ot chmamlo ampIMootion (aotor (H a ) upon area opilmlaidion from a 
oomputor run. since the faotof hao boon changed idO% - from i to 2 «■ it may aoom aurpriaing that the eorfoapond' 
Ing ehango In alao la only S%. Thia la OiiplBlfted qualttatlvoiy in Vu^graph Ho. id whloh dooa not rcpxodueo aetual 
okloulatlena. The ’’original'' curve le the starting point vdft, (Or onamplo, » l. 11 wo consider an oaamplo 
point A, whoro tho orliHnal f /W ° and then aiMirarliy halvo f A7 to . 1 while we doubto to d, we will not 
ohatigo the bade at all. thus, if there wore no ohango in engine porforminee, tho at rueturo would not Ohirtgo at 
all and point A would move horizontally to point A', and in faet die ontli« curve would aimply elide to the left to 
the poaitlon of tho "daahed*' ourve. In thle oaeo, the optimum value of t Af would halve but the eerroapondlHg 
aiae would not change, b practloo, however, engine perfermiuieo will docroaae ae T/IV deoreaBoa, and point A* 
will really drop to a peeltlon euoh as A", and the Bnal ourvo will look like the "dotted" curve on Vu«graph No. 10. 
H ia clear that the letal decrease la optimum size to due to load to eqHne performance, while the deorease In 
alee at a fixed tA 7 (asy at T . 2| la duo to Increase In load. 

dne ooneludes that the optimum sIm le not very scnaltlve to dynamic amplification factor, hut that be optimum 
voluo of tA 7 at which it occura decreases aa ampUficatlon factor increases. Furfiier, 1ft the r^eft of oiUlmum 
T/W size la relatively Inaansltive to , but for tdghAr values of T/(V the sensitivity Ittcreasee. For these 
reasons It scems pistifiable to aaaume a fixed vetue tor (say 2) for optindzatioa analysis which greatly 
elmpllflee the work. 

ft is important to remember thet eotual leads on a given aptoeornft are dlreotly proportional to and la 
analyzing design loads eotual values of must be determined. 

ProtMdlaiit Aficeierfttloiis 

Vu-graphs 4 and 7 Show negative values of ecoelerstion but only after thrust cUt-oH. For i single 
degree of freedom system this IS the only time when negative acoeieriUlan eould occur. For real 
platforms with many degrees Of foeedom, negative acoeleretlona are possible duriig bum, as Is true for — 
all space lauftota eystems. This condition is unlikely in regions near large maeeee such as the 
propellaiit tanks. The condition will depend mainly on the detailed dynamio oharactorlstlcs of the 
Individual spacecraft rslatlve to tho thru«; build up fonetlon of the engitta and will tend to he retafively 
inaensltlve to the eotual thrum. For a given targe apace mrUotttre ehd a family of engMes with the 
sama thruat bidld up tunee the probability of negative propellant aocelerattona la likely to decrease 
elbHftty ee fiiruat deoreaseS. If, as seems probshle, the thrust btdld up time of low thrust engMes 
will be greeter than tlmea for convcftttonai Ugh thrust enginee then the likelihood of negative propellant 
aeoeierStlons appears to be very low. 

Ae In all configurations past, present, or future, prepoHaOt acoeleretlona should he enstyzed on an 
Individual basis for each Cngtae/spaCeoraft combination, but tUa does not appear to be an Important 
consideration in optimizing the thrust level. 

Toletftiloefl 

The effects of tolerenues fell Into two main, categories - 

(1) c.g offset 

(2) rattle In jotittB 


ORIGINAL rX'V. 

OF POOR QUAUTY 
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Both of those effect dynemJc ivaaeloet beds end oere must be teken W dheok eeoh S|»eceoteB 
to eesure thet It le wot overotreased. Their effects, however, ere net sensitive to engine thrust 
or rtirust build-up ftinction end therefore Aey should not tehe s slgnlflcant pert in deoislens on 
optimitotlon. 

Attitude OoBtroi 

Eerly enelyees on the OOA indioited that engine veering should be tdequato to control the systoin 
during oiblt trensfer. It le conceivable thet s very fleelble platform lype of design wv developed 
for which this IS not possible. In suCh a case It is easumed that the on-orUt control system of the 
speoeoreft Itself-could be used to assist during engine bums. 

PlBtrtbtited Thrust 

U Is understood that J. Clark will be dtseuselng this subject In deteii. SufBoe it to say hero that 
distributed thrust can theorettoally greatly alleviate epaeeoralt loads, but thtt random dlfferances 
In thrust build up fonctlona of two Or more engtnea may prodaee Intolerable antl>symmetrlc bading 
CondIttonB. 


VP - 1 STRUCtPRES - PROPULSION INTERACTIONS 


WIDELY DIFPEREHT TYPES OP STRUCTURE 
PLATfCRM 

CHRBTMAB TREE 

OPTbllZATfOR 


parameter to 

BE OPTIMIZBO 
AREA 

USEPULWEldlfr 

DEFLECTIONS 

transfer time 

ETC. 


constraints 

PACKACaNO 

total weight 

MINIMUM GAGE 
ETC. 


dynamic mTERACTKlNB 

STATIC lOAOS 
ENGINE THRUST TRANSIENT 
PROPELLANT acceleration 
TOLERANCES 

CONTROL - OTV VS S/C ACS 
DISTRIBUTED THRUST 


origs 
OF Poor? quality 


r- 
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It 



It 

A 

f 



ARMP 

ARM E 

AliM P 

ARM A 

ARM i 


tlAX DENnlMt 5IOMBHT 
At ARM llOOt p't-l.itt 

•tATtC 

4 32. 500 

io«t«o 

• 11.153- 

« 30. 501 

4 35.031 

430.501 

411.103 

LtAXSIlEAllAT.ARM 
ROOT (Lll) 

lOL- 

id 

55 

100 

50 

io 

5UX ACCELERATION 
AT ARM TIP 

.050 

• 111 

.565 

P 

.055 - 

.111 


25 PERCENT OF l>AOPEt.LANTB RE5UININU 
BPACECItAII' WEtGIIT ‘ 31,355 LD 


BTEAUY-StATE ACCBtEttATION “ 5.0340 

tm .ft n yitntnlc rdspORBO due to Uiruat build-up (bestnidiig 
of apogee bum). 


ORIGINAL PAGS 

OF POOR QUALITY 


vu - 9 fPfEtt 9F DYNAMIC FACTOR ON SIZE Of SM_-A 



fURUStmElQllT. FINAL 


78 


























VU -10 QUALITATIVE RESULT OF DOUBLtNG 
LOAD DUE TO DYNAMIC EA£TQA 



tAw 

NOTES: 

(1) HORIZONTAL ARROWS ARE DUE TO STRUCTURAL REQUIREMENTS. 

(2) VERLICAL ARROWS ARE DUE TO ENGINE PERFORMANCE LOSSES. 


0RSe.:?-5.Al PACS S3 
OF POOR quality 


VU - 11 SUGGESTIONS 


LOW TAlV IS manda tory - .02 to . 10 RANGE - RUT EXACT VALUE NOT VERV SENSITIVE 

- Slow TimusT Rise time desirable but not mandawrv. 

- engine THIUiST selection not very S1':N8ITIVE 

STRUCTURl-S WILL LIKELY BE DtSIGNED, JUJX NlJl.JMLl»ACTEl3, BY Tllffi T/W RANGE. 

PROPFLIANT ACCKLERA1ION SHOULD BE INDIVIDUALLY ANALYSED POR START TRAN- 
SIENT BUT VERY UNLIKELY TO CO NEGATIVE. 

"PIATPORMS" may SOMCTIMES BE REQUIRED TO USE THEIR OWN ATlTrUDE CONTROL 
SYSTEMS DURING THRUST. 

ttlLERANCES IN .S/C STRUCTURE .SHOULD NOT APEECT CHOICE OF PHOPUlSloN SYStEM 
CONFIGURATION, BUT EFFECT UPON IX1AI« SHOULD BE EVALUATED ON AN INDIVIDI«AL 
BASIS. 
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STRUCTURBS^OPULSION INTERACTIONS ANO REQUIREMENTS 


JOHN COtNER 


MARTIN MARIETTA AEROSPACE 

OCNVEA DIVISION POST OPPiCS BOX IPg DENVER. COLORADO 10^ 


The availability df the Simce Trsmspattation System (StS) in the 
1980*8 will make it feasible td deploy on’-orbit Lat^ Space Systems 
(LSS). In general terms, large space systems are classified as either 
deployable or ereccablet depending upon the process used to place then 
into operational configuration. With deployable structures, the entire 
manufacturing and assembly takes place on the ground and the assembly 
is flornn into space in a high density folded form, mhere it is then 
deployed. The concept of erectable structures tefers to assembly in 
space either by a building crew or by remote manipulation. Propulsion 
system thrust levels required to transfer these general types of structures 
from LEO to CEO depends upon the load bearing capability of the LSS. 

The interaction study determined the effects of low-thrust primary 
propulsion system characteristics on the mass« atea, and orbit transfer 
characteristics of Large Space Systems (LSS). Three general structural 
classes of LSS were considered, each with a broad range of diameters and 
nonstructural surface densitites. While transferring the deployed structure 
from LEO to OEO, an acceleration range of 0.02 to 0.1 g's was found to 
maximise deliverable payload based on structural mass impact. After 
propulsion system parametric analyses considering four propellant com- 
binations produced values for available payload masst length and volume, 
a thrust level range which m;*- mlUs deliverable LSS diameter was deter- 
mined corresponding to a structure and propulsion vehicle. 

The engine start and/or shutdotm thrust transients on the last orbit 
transfer (apogee) buj.ti can impose transient loads which would be greater 
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chaii the fiteady-stete laada at the hunkout aceeleratlM. 

the engltie thmet tranaleats ea the LSS tms deterailaed ftoa the dynamic 

nodele epen mhlch vatleue eaglae ramps mere inp®aed. y»e ramp tiites. 

X , were chesea te be a step* l/2» 2/3* 3/3* and 4/3 of the LSS funda- 
KBtal period. 

Baaed on a siatle Shuttle flight with a LIO to OBO orbit transfer, the 
ootimum OTV thrust level range to maximise delivered tS8 diameter Uf 
Hyload mass limited) is betmeen- 3100 to 4200H and the maximum per- 
fomee tankage configuration delivers the maximum deployed tSS 
diameter. This range is relatively independent of the folloving: 


1) propellant Combinacion; 

2) Tankage Configurationi 

3) Mixture haciO$ 

4) Type of L8S; and 

5) T^e of LS3 ikmstructural Surface. 

The curve is also relatively flat, Implying ineenaitlvity to thtnst 
of a range of thrust. 

The results also showed that the trahsient-induced load is not a 
significant driver (lOX structural mass impact ) In defining 
requirements for the primary propulsion system. If no structural 
mass lim>act is desired* the ramp time must be greater than twr-thlrds_nf 
the LSS fundamental period for all LSS considered. 


The following stage characteristics are re^hasieed which deliver the 
f-iriwwHii LSS diameter based on the results of this study. The character- 
istics aret 


1) LO^/ISa propellant combination 

2) Pufip-f id Single engine* and 

3) Constant acceleration, 8 perigee 
bum orbit transfer strategy 

However* these results differ from other studies that have determined 
the optimum thrust level. Also, there are six key factors that nay 
drive the optimum thrust level and must be evaluated pric t to st age 
definition. They are: 

- Minimum Strength of Structure .. . . v 

- Hon-geosynchronous Operational Altitude (Urge Payloads) 

- Impact of Subsystem (Mass and Dynamics) 

- Urger Capacity Orbiter 

- Ultra-Gossamer Si:ructures of the Puture 

- Ultra-‘Urge Assembled Structures 

Another key factor is whether ISS deployment in lew earth orbit is 
required and whether LSS servicing and repair can be done in LEO. If 
LSS designers do not include Servicing previsions in their design, 
then why Impose low thrust requirements on the stage designer? 
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PP/L.SSI Program Summary 

The primary ODjeetwe of (he Primary Prepulsioh/Large Space 
Syaiem Inieractidh Study program Is to determine (he effects of 
loWothrust primary propulsion System thrusMO'mass ratio, 
thrust transients, and performance on the mass, area, and orbit 
transfer characteristics Of larpe space systems, 


LSS Configurations 
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Expandable Box Truss— Unit Mass vs Thrust to Weight 
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Average Structural Mass Impact fcr Start 
Transient Effects 
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Effect of Thrust Level on Box Truss Diameter for Various 
Propellant Combinations and Tankage Configurations 
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TocHiilCfll Issuos for LiS3*OTV DosIqii 

- Do Large Space Syetems (LSS) drive the design of 01V? 

- Stage Length 

• LSS Package Density Is 24 to 48 kgfm^ 

• 6820 kg Payload Occupies 17. 22 in at 24 kglm^ and 8. 63 m at 48 kgfiti^ 

• 9090 kg Payload Occupies 23. 01 m at 24 kglm^ and 11. 49 m at 48 kgf 

• Orbiter Cargo Say Length » 18. 3 nt 

• Short Dense Stages Are Pegulred If Payload Is To Be Mass Limited and 
Not Volume Limited 

■ 01V Thrust Level 

- Will LSS be deployed In Iomt Earth orbit (LEO) before transfer? 

> What contingency operations can be accomplished In LEO? 

• What is the optimum th.'ust level If the LSS Is *<eployable? 


Thrust Level Considerations 

- Previous studies Indicate Two Different Optimum Thrust Ranges 

- Less Than 4400 N (Martin Marietta) 

- Greater than 4400 N (General Dynamics) 

2 What factors could affect this optimal thrust level? 

* Minimum Strength of Structure 

- Non-geosynchronous Operational Altitude (Large Payloads) 

- I mpect of Subsystem (Mass and Dynamics) 

- Larger Capacity Orbiter 

- Ultra- Gossamer Structures of (he future 

- Ultra-Large Assembled Structures 
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CENTRALIIED VERSUS DISTRIBUTED PROPULSION 


J. P. CLARK 


BOEING AEROSPACE COMRANY 

P.O. Box 3B99 

SMttle. Washington S8124 


SUMMARY 


rotatad taptas «ra aMrassatf. ftrtt. tha fanttlons and raqutraaentt of auktltary propuUton systam ai« 
f-o’/taMad. Nana of tha thraa aajar tasks - attitvda cdntiot. statlonkaaplng aM shape control - darfdnhed by a 
$»11actton of tbnistars at a single central location. The need. In general, for torgMS abo^ all thraa anas requires 
that propulsion units ha physically separated. If a cantrallted systao Is defined as a ollactlon of Separated clustan. 
Made up Of tha olnlMaa Awdiar of propoitlon units, than such a systao can provide attltw\e control and statlonkwlng 
for oust vehicles. * dlstrlhutad pi^ulslon systao can provide shape control for flat plau typo structures and It can 
. Iso parfoio attitude control and statloidieaplng. 


A ravleu of various proposed large space systaos leads to the conclusion that centralized auxiliary propulsion Is best 
Suited to vehicles olth a ralatlvaly rigid core, these vehicles way carry a nuaiicr of flexible or Movable appenda^s. 
This group Includes naqy of the proposed deployable concepts. A second group, consisting Of ow w non large flexible 
flat plates, nay need distributed propulsion for Shape control, there Is a third groups consisting of vehicles tellt up 
from Multiple shuttle launches, which nay be forced Into a distributed sySton because cf the need to add additional 
propulsion units as the vehicles grou. 

The results of a study to exanlne the effects of distributed propulsion on a bean-Ilke structure are reported. The 
deflection of the structure under both translational and rotational thrusts IS shown aS a funcUon of the nuiSier Of 
equally spaced thrusters. Mien tuo thrusters only are used It Is shOun that location Is an Inportant paraneter. 


The possibility of using distributed propulsion to achieve mlnlnuM overall syston uelght Is also exautned. It Is shoun 
that tinder certain conditions the additional weight of distributed propulsion can be nore than offset by reduced 
structural weight mde possible by reducing stiffness. 


Finally, an exanlnatlon Of active danplng by distributed propulsion Is described. 

Although flight experience to dato has been exclusively with centralized propulsion syStens, distributed mHI 
be neMod In the not too distant future. A nuther of Issues should be addressed. These Include: an enaMinatlon of the 
optlnwa nuaher and distribution «f thrusters for active shape control Of unlforM and non>unlfom one and two dlMeOslonal 
plate like structuresi th» prOblaM of control of evolving structures that nay enpcrlence drastic changes In 
configuration and na*« properties; and the sensOr placeMont. control law developMent. conputatlon and other 
considerations needed to lMplea»nt distributed propulsion syStens. 
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NASA UftSE SPACE SYSTENS/PROPULSIOK INTERACTIONS NONKSHOP 


TOPICS 

0 UtiXlllAOV PIOPUISION SYSTEMS 
« FUNCTIONS 
0 NEdUINCMENTS 

0 OISTNIDUTED NNO CONCENTRATED SYSTEMS 
0 APPLICATIONS 

0 PERFORMANCE OF OISTRIROTED SYSTEMS 
• NUNOER OF THRUSTERS 
tt LOCATION 

0 MINIMUM NEI6HT SYSTEMS 
0 ACTIVE DAMPING 


ontGtNAL PAGS IS 

OP POOR QUALITY 


AUXILIARY PROPULSION SYSTEM PUNCTIONS 


ATTITUDE CONIROL 
0 POINTING 

0 maneuver 

0 DISTUROANCE CANCELLATION 

STATIONKEEPIHG 
0 NORTN-SOUTN 
0 EAST’NEST 

SHAPE CONfROL 


I 


ROTATION 


TRANSLATION 
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AUXILIARY PROPULSION RLQUIREHENTS 


ATVilUDE CONfROI. * NOVlOE tOMlitS 

0 THRUSTEKS MRV ERdN CENfEA OE HASS 
0 nm to PROVIDE PORE COUPU AND AVOID IRANSLAIIOO 

SIAIlOMKEEPlOfi - PROVIDE AV tORUSIS 
0 CORRECI OmEOIAIlON 

• AIIIIOOE CON1ROL 

0 NEt INRUST THROOON CENTER OF NASS 
0 GINBAllEO TNRUSIERS 
0 FIXED TNRUSTERISI PLUS TOROUE CAPADIIITT 

SNAPE CONTROL - ZERO NET ROTATION AND TRANSLATION 
« DISIRIBOTED TNRUSTERS 
0 NODULAIlON 
0 PRECISE TINING 


AUXILIARY PROPULSION SELECTION PROBLEMS 


NEIGHT NININIIATION 


PLACE UNITS CLOSE lOGElNCR 

0 SHARE ANCILLIARV EOUIPNENT 


place units far apart 

0 INCREASE TOROUES 

0 decrease propellant 

REOUIREO 


SOLUTION - NOUNT UNITS IN SEPARATED CLUSTERS 

INCREASE RUNNER OF THRUSTERS 

0 distributed thrusters RAV 

PERNIT loner structural 

stiffness and reduce 

STRUCTURE HEIGHT 

SOLUTION ’ HININIZE TOTAL STRUCTURE PLUS AUXiLIARV PROPULSION HEIGHT 

CONSTRAINTS 

0 STRUCTURE TOO NEAK TO SUPPORT THRUST LOADS 
0 PACKAGING AND DCPLOVHENI 

0 configuration 

0 CONTANlNATlON 


REDUCE NUNBER OF THRUSTERS 

0 HININIZE TOTAL THRUSTER NEIGHT 
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CONCCNTMTEV AWIUMV PROnHSKM 


imM nm immsius n»m 



DISTRIBUTED THRUSTERS 








GRUMMAN RUUUC SERVICE PUTEORM 
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OF POOR QUAUSY 


SPACE OPERATIONS CENTER 





APPLICATIONS OF CENTAAUZED AND DISTRIBUTED PROPULSION 


CeHTI(AU2E0 PROPULSION 

0 NIHINON OR NEAR NININUN NUNBER OF tHRUSTERS 
a RIGID VEHICLES 

0 veillCLES MITH HlOlO CORE AND FLEXIBLE APPENDAGES 
0 SHAPE CONTROL NOT REOOIREO 
0 SHAPE CONTROL NOT FEASIBLE NITH THRUSTERS 

distributed propulsion 

0 NORE THAN NININUN NUNBER OF THRUSTERS 
0 FLEXIBLE H0N06ENE0US VEHICLES (FLAT PLATES) 

0 SHAPE CONTROL DESIRABLE AND POSSIBLE HITH THRUSTERS 
0 VEHICLES ASSENDLED FRON NULTIPLE SHUTTLE LAUNCHES 
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BE/tfl DEFLECTION DUE TO TRANSLATION 
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LOH ORDER «S ONLY EXCITED BY DISTRIBUTED THRUSTERS 
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SYSTEN WEIGHT NININIZATICN USING DISTRIBUTED PROPULSION 
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HINIMUM HEIGHT SYSTEM IN ROTATtQN. EIECTRIC THRUSTERS 



OF POOR QUALITY 


ACTIVE DAMPING USING DISTRIBUTED THRUSTERS 






RESULTS OF COMBINED ATTITUDE AND SHAPE CONTROL STUDY 


ATtlTUDE CONtROL 
0 TWO RltilO NODES 

0 FULL C.N 1 ICELLATION OF GRAVITY GRADIENT AND SOLAR 
RADIATION TOROUES 


FIGURE CONTROL 

0 THREE THO-DIHENSIONAL FLEXIBLE NODES 
0 NO EXCITATION OF SECOND NODE 
0 SNALL EXCITATION CF FIRST AND THIRD NODES 
0 GOOD FIRST AND THIRD NODE DANPING 

SENSITIVITY 

0 SYSTEN STABLE AND INSENSITIVE TO NISPLACENENT OF 
SENSORS 


OPiSGrWAL PAGS IS 
OF POOR OMALiTY 


ISSUES 


d OPTIHUH DISTRIBUTION OF THRUSTERS 
0 NUMBER 
0 LOCATION 

d THREE DINEHSIOHAL SYSTEMS 

d MINIMUM HEIGHT SYSTEMS 

d CONTROL SYSTEN MECHANIZATION 
d SENSOR TYPES 
d SENSOR LOCATION 
d CONTROL LANS 

d REQUIREMENTS AND CONSTRAINTS 
d SENSITIVITY 

d CONTROL OF VARIABLE CONFIGURATION VEHICLES 
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SYSTEM REQUIREMENTS 


R. £. AUSTIN 


National Aeronautics and Space Administration 
George C. Marshall Space Flight Center 
Marshall Space Flight Center, AL 35812 


Requirements o£ future space systems, including large space systems, that 
operate beyond the space siwttle are discussed in this paper. Typical 
functions required of ^opulsion systems in this operational regime include: 
payload placement, retrieval, observation, servicing, space ddbris control and 
support to large space systems. These functional requirements are discussed 
in conjunction with two classes of propulsim systems: (1) primary or orbit 
transfer vehicles (QTV) and (2) secondary or systems that generally operate 
within or rel?' ciy near an operational base orbit. Three propulsion system 
types are deSciibed in relation to these requiranents: Cryogenic OTV, 
Teleoperator Maneuver ir^ System (Tie) and a solar electric GTV. 

Operations purely in low earth orbit are described in relation to the TMS 
since LEO does not lend itself to an effective application of a solar electric 
type of system. Both IMS and solar electric systems are candidates in high or 
geosynchronous orbits. Payload placements and retrieval, as well as 
sub-satellite operations are considered early operational requirements for a 
TMS. Later operations may include payload servicing for both conventional and 
large space systmns, and space debris control. Servicing operations range 
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Ctffi -aul* on «aU ap.«ct.£t <«i ch«««.t o£ «per«»mt p«lleta 

on » »p«c« plntfoCT in UO to teplonlshlivi oicpondobles and updating 

operational eapabllltlaa o£ lat9o apaee platfoma In GEO. 

SMCo dfibrls <Jontrdl can be divided into two major categories: (l) low 

Intermediate orbits, and (2) geosynchronous orbit. Effective space debris 
control in low and Intermediate orbits ftoses a very high energy requirement 
due to the varylr^ orbital parameters of every object In this regime. Ear y 
debris control In this region may be accomplished with a IMS for objects that 
are near co-orbital with the TMS. GEO debris control Is considerably more 
manageable since all the objects are near co-orbltal. The Integrated solution 
of this problaa tends to favor a high energy propulsion system like a solar 
electric OTV although It is within the general capability of a conventional 

system like a TMS. 

Large space systems such as advanced conamnlcation platforms, science and 

<W41c.tl«. pl«£om., «d ^pK.-b.Md t.d.t will P0» tw. prl«ty 

on pttaKy ptopulsion sy.Mm (OTV)i (1) hl,h perfOtiMne. and (2) 

low thtudt «<»l.t.tlon. 111... a. eurr«.tly «wtslonad, ar. 

to b. dtplovod In lEO, dieclwd out and than ttan»£erred to GEO ot othar high 
orbits. It is this aspeet o£ thaaa systans and thait opacational modes that 
euttantly in£ar. low thrust seealaration £or the OW. There is need tot 
considerable d^ta in Oils area since the tesuloait GW propta. would o£ 
necessity be required to include the cepabillty tot a wide throttle raiqe on a 
high thrust engine ot two anginos - a low thrust and a high thrust engine. 
Since these large apace systems also Impose high pettotmance requltmeents on 
the orv, the likely choice wlU be to haoe two separate engines in the 
program. The low thrust engine would be single purposed and due to the very 
nature o£ the large apaee system approach, would be used ln£tequently. The 
cost Imretage o£ this atptoach requires cate£ul scrutiny by the large space 
systos aiO propulsion systM coemunltles. it should be pointed out that the 
structural loads aasoelated with: transport to LEO, deployment and checkout 

in LEO, and/or assmdily in ISO may impose a structural capability in the 
system to withstand tronsfers to high Earth orbits with high thrust engines 
with reasonable throttte ranges that maintain high pertoimance. 

in mamiary, the key IttUraotlons between the future large apace systems 
and propulsion systems aroi growth capability in performance, maklmUlng 
leiqth available tor peyloads in shuttle cargo bay, captollity to provide 
aerviclig and debris control, and very Importantly transportation economy. 
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DISCUSSION TOPICS 


• ORBITAL SERVICES REMOTE TO THE ORBITER 

- FUNCTIONS 

- RATIONALE 

• ORBITAL SERVICES VIA TELEOFERATORS MANEUVERINQ SYSTEM ITMSl 

- tmsoescriftion 

- EVOLUTION OF CAPABILITIES 

• SPACE DEBRIS AT GEOSYNCHRONOUS 

• POTENTIAL LARGE SPACE SYSTEM APPLICATIONS 

• GEOSTATIONARY PLATFORM 

- DEPLOYMENT IN LEO 

- TRANSFER OPTIONS TO GEO lORBiT TRANSFER VEHICLE) 

• SHUTTLE UPPER STAGE REOUIREMENTS (NASA MISSION MODEL) 
•SUMMARY 


ORBITAL SERVICES 


TVPN 

fUNCflONft 

WHV NECOEO 

SATELLITE 

SERVICES- 

REMOTE 

• DEPLOYMENT 

- REUSEABLE PLACEMENT OF PAYLOADS 
UP TO 1000 KM FROM ORBITER. OR 
ANYWHERE IN GEOSTATIONARY ORBIT 


• RETHIEVAL 

- REUSEABLE remote RETRIEVAL 
REDUCING INTEGRAL S/C PROPULSION 
RUROi'N 


• OBSERVATION 

- REMOVE AND NEAR OBSERVATION FOR 
Opr. SAFETY. AND DAMAGE ASSESSMENT 


• SUa SATELllTi OPS 

« IN-ORBIT SCIENTIFIC INVESTIGATIONS 


• MULTIPLE P/L 
OEPLdY/RETHIEVE 

- PERMITS MANIFESTING FLEXIUILlTY AND 
REDUCES S/C integral PROPULSION 
UUROEN 


• SERVICING 

- maintain remote ORBITAL SERVICES 
ON LINE. UPGRADING. 


• SPACE OERRIS CONTROL 

- CLEAR SPACE LANES OF LARGE OERRIS 


• lAtiQE SPACE SYSTEMS 

- SUPPORT ASSEMBLY LOGISTICS. 
ORBITAL 
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SATELLITE SERVICES REiy/TOTE— 
TELEOPERATOR MANEUVERING SYSTEM (TMS) 
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TMS General Arrangement 
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ERA lit REPRESEMT ATiVE Ml SSiOl* APPLICATIONS fORTMS (MID4ATE 8ffsl 

RViclMfi I B. ADV. IfEf 8ERVIONG T C. GENERlfiS/CflErAIR 



fNOiffffeVM 

ANDTOObMK 







SPACE OEBRIS PROBLEM 
AT GEOSYNCHRONOUS ORBIT 


• nv 1MW ArPilOHIMAtfILV ett fi^ACECft aft and FiECEl OF OEMII 
VIILI. BE IN tVNGHRONDUt DRBIT 

• tHi GREATEST OENSitV IS IN NORTH AMERICAN SECTOR 
|~ 240 IN THE SIF* - W LONGITUDE SEGMENT) 

• PAYLOADS HAVE NO COLLISION ANTICIPATION/AVOIDANCE CAPABILITY 

• ALL SPACECRAFT AND DEBRIS WITHOUT ACTIVE STATION KEEPING WILL 
CONSTITUTE A MOVING HA2ARD IN SYNCHRONOUS ORBIT 



EARTH TRIAXIALITY 


SUN-MOON PERTURBATION 


OWG>M<^ 

OF POOR QUAUIT 


SPACE DEBRIS CONTROL 
AT GEOSYNCHRONOUS ORB IT 


OEBHIS COMTWOL 

• raNTRdL INCREASINO HAZARD OP COLLISION 
AT QEOSVNCMRONCiUS ORBIT 
_ number OF OBJECTS IN aEOSVNCHROt.OUS 
ORBIT IS INCREASING 

- INACTIVE OBJECTS HAVE DRIFT RATE! 

- north AMERICAN SECTOR BEGOMINO 

crowded 

•Move inactive objects to hioher orbit 
(Mon interfeHinqi 


ALTERNATIVE vehicles 

• liquid chemical ISTORABLEl system 
_ SINGLE SHUTTLE/IUS LAUNCHED SYSTEM LIMITED TO ■ T0 10 OBJECTS 

•SOLAR ELECTRIC 

- SINGLE SHUTTLE/IUS LAUNCHED SYSTEM FROVIDES FACTOR OF TEN 
INCREASE IN CAFABILITV OVER CHEMICAL SYSTEM 

- LONG TERM RESISTANCV: 6 OR MORE YEARS 

- ELECTRICAL FOWER AND OTHER SERVICES FOR OBSERVATION IQUIFMENT 



no 



POTENTIAL LARGE SPACE SYSTEM APPLICATIONS 



RAOIOMITRV platform 


original 

OP POOR QOAUHr 


EXPERIMENTAL GEOSTATIONARY PLATFORM 




GEOSTATIONARY PLATFORM DEPLOYMENT SEQUENCE 
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GEOSTATIONARY PUTEORM DEPLOYMENT SEQUENCE (CONVD) 


a. PLATFORM OEPI.OVMEN'' 


Wrai^il Mill « 


Ou|»Uy«tf 
Mk-fA " 


Mmftowsr <lipl«yifig 
^«ltt|«d PSTA 
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tniM Ann wldtrittliic 
•lev* oenirollta if«plojpin«nt 



OWQtNA'- .S 

OF POOR 


CEOStAtlONARY PlATfORM 

REQUlPmiNJi 


• PLATFOIIM DBLlV&nY MISSION 

A SMS kg DBUVBRY CAPABILITY, LBO TO OBO 
t4,0MfT/8BC AY 
aO. 1 km OF TABOBT POSITION 
0.01 OT/W MAX 

• SERVICINQ MISSION 

A 2261 kg DBLtVBRY CAPABILITY, LBO TO OBO 
14. 000 FT/SBC AV 
aO. 1 km OF TAROBT POSITION 
NO T/W CONSTRAINT 

A 822 kg RETURN CAPABILITY. OBO TO LEO 
14,600 FT/SBC AV 
NO T/W CONSTRAINT 


GEOSTATIONARY PLATFORM 

OTV SUBS /STEMS SUPPO RT REQUIREMENTS 

• ENVIRONMENTAL CONTROL 

NO REQUIREMENT 

• POWER 

100 WATTS DURING PRBLAUNCN (OYRO ACTIVATION) 

• COMMUNICATIONS 

I/F BETWEEN PLATFORM AND ORBITBR; S*BAND 
32 KBPS UPLINK, 0.4 KBPS COMMAND 
102 KBPS DOWNLINK, 120 KBPS DATA 

• PROPUL^ON 

0008 kg CAPABILITY FROM LBO TO 080, PLATFORM DELIVERY MlSMON 
14, 600 I'T/SBC AV FOR TRANSFER, ♦OlS FT/SBC INTO DBBRiS ORBIT 
MAX T/W: 0.01 
ELEVEN BURNS MAX 
I8l> > 416 SEC 

2261 kg CAPABILITY FROM LBO TO OEO, SERVICINQ MISSION 
20, 800 FT/SBC AV FO,t TRANSFER A RETURN 
10, 000 TO 20. 000 LB THRUST 
|8|) > 460 SEC 
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• Pl.ATt’ORMOeuVEflVMIttlON 

A APPROACH TO TAROBTtOCATIdM 

<^9 ^EC REfilOUAL TRANELAtlONAi VClOCiTV 
lO.QS«/8EC ROTATIONAL VELOCITV 
i1<>OF REOUIREO ATTITUDE 

• EERVieiNOMIfiNON 

A APPROACH TO TARGET LOCATION ICENTER OP CONSTELLATION) 

ii'rt/cEc residual translational velocity 
ii.O»OF REQUIRED ATTITUDE 
A 8TATIONKEEP 

A rendezvous AND REOOCK WITH SERVICE MODULE 
tio SUN ORIENTATION 

IS cm/SEC RESIDUAL TRANSUTIONAL VELOCITY 
10.06O/8EC ROTATION 

A RENDEZVOUS WITH ORBITER 

RETURN capability FROM OEO TO 9S hnl FWO. 

IS km ABOVE THE ORBITER. iS km IRENDEZVOUS POINT) 

A APPROACH TO ORBITER ISAME TOLERANCES AS OEO TARGET) 

A STATIONKEEP 

IfO SUN ORIENTATION 

iS cm/SEC RESIDUAL TRANSLATIONAL VELOCITY 
10.0SWSEC ROTATION 
A PASSIVE DURING FINAL OOCKINO 


• AVIONICS 


GEOSTATIONARY PLATFORM 



COMMAND D CONTROL (VIA OROUND-DLATEOBM-TMS RF LINK) 

VIDEO (STEREO) — ARTICULATION AND PAN 

LtONTIHO - WITH VIDEO REQUIREMENT, FOR LOGISTICS 
RESUPPLY AND FOR DOCKING 

RENDEZVOUS RADAR — TMS, ACTIVE; OTV AND PLATFORM, 
PASSIVE 


* PROPULSION/RCS 42 FT/SEC AV FOR OTV/PlATFORM TRANSLATION 

ATTITUDE CONTROL FOR TRANSLATION AND ROTATION IN S AXES 

MINIMUM EXHAUST PRODUCT CONTAMINATION — COLD GAS 
PREFERRED 


• ENVIRONMENTAL CONTROL NO REQUIREMENT 

• STABILIZATION 6 CONTROL *3 om/SBC TRANSLATIONAL VBUKJITY 

*2* CENTERLINE ORIENTATION 
kS* ROLL ORIENTATION 
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DESK^ED EEAtURES 
SHUTTLE UPPER STAGE 


• SHUTtU COMPATiBlUTY 

• CAPABILITY TO MTET MISSION REQUIREMENTS 

• FICXIBILITY FOR MISSION OPERATIONS 

• HICH RELIABILITY 

• CAPABLE OF EVOLUTIONARY GROWTH 

• LOW COST 


§RldtNAL 

er POOR 


page Id 
quality 


OTV DESIGN CRITERIA 
MISSION REQUIREMENTS 


• PERFORMANCE AND FUNCTIONAL CAPABILITY WitH MARGINS TO PERFORM 
PlANEtARY MISSIONS 

• HIGH PERFORMANCE TO GEO AND OTHER HIGH ENERGY ORBITS 

• CAPABLE OF SUBSTANTIAL PAYLOAD IN REUSABlE DELIVERY MODE 
iPOTENTlAllY OF MISSION MODELI 

• CAPABILITY TO DELIVER lARGE FlEXlBli SPACECRAFT WITH LOW 
ACCELERATION IPOTENTIALLY 2$%OF MISSION MODEL) -LOW THRUST. 
MULTIPLE BURN. LONG DURATION 

• MINIMUM PRACTICAL STAGE IlNCTlI WITH FULL PROPELIANT LOADING ANDIOR 
ADAPTABLE TO SHORT-LENGTH VERSION - MAXIMUM PAYLOAD LENGTH 

• TIW AND NUMBER OF ENGINES CONSISTENT WITH PERFORMANCE AND MISSION 
SUCCESS REQUIREMENTS 

• THERMAL CONTROL CONSISTENT WITH MISSION DURATIONS 

• ENABtE ROUNDTRIP SORTIE MISSIONS TO HIGH EARTH ORBITS 

• MUST BE OPERATIONALLY AVAILABU WHEN NEEDED 

t PROVIDE SPACECRAH 3-AXIS STABILIZATION 
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OTV DESIGN CRITERIA 
HIGH RELIABILITY 


• PROVIDE HI6H RELIABILIIY. HlOH ACCURACY AUTONOMOUS OPERATIONS 

- DUAL StRINO AVIONICS WITH COMPUTER CAPABU 
OF HANDLING REDUNDANCY MANAGEfittNT. ADVANCED 
GUIDANCG SCHEMES. AND SPACECRAR INTERFACE 
SUPPORT 

• BODY SHELL (METEOROID PROTECTION! 

D CURRENT STATE OF THE ART ORIGINAL PAGE IS 

• AVIONICS OF POOR QUALITY 

• RCS 

- MAIN ENGINE 


OTV DESIGN CRITERIA 
EVOLUTIONARY GROWTH 


• ADAPtABlE TO SHORT STAGE FOR LONG PAYLOADS 

• CAPABLE OF INCORPORATING RETROFIT AEROASSIST KIT 

• CAPABLE OF INCORPORATING ADVANCED ENGINE 

• CAPABIE OF ACHIEVING HIGHER PERFORMANCE WITH GROWTH IN SHUTTLE 
LIH capability 

B CAPABIE OF PERFORMING HEAVY DELIVERY AND MANNED MISSIONS TO 
HEO EITHER THRU MULTIPLE STAGING ON A 6SK STS OR WITH A SINGLE 
STAGEONAIOO-IIBKSTS 


B READILY MAN-RATED 
B CAPABLE OF EXTENDED DURATION IN SPACE 




MISSION DERIVED REQUIREMENTS 
NOMINAL MISSION MODEL. REVISION 4 


'-^PAVl.OAO 

^^HCIIARACTCn 

MliiSlONS'^^ISTICS 

MASS (LOS) 

LENGTH 

"O'* LIMIT 

ON-OROIT 
A V 

NUMOER 

TIMING 

1 ONG GEO 
SAIEtUTES 

S.000 - 10.000 
VARIES INVERSELY 
W/I.ENGTH 

42* -30* 

N/A 


12 

1987 -*■ 2000 

KMOlir GEO 
SATELLITES 

3,000 - 7.OO0 

<25’ 

s 

N/A 

— 

36 

1907 -*• 2000 

EXPEniMENTAL 
GEO platform 

12,500 

<25* 

m 

— 

1 

1989 

OPLIIATIONAL 

PLATFOIIMS 

10.000-15,000 

g30* 

0.05-0.2G 

<65 FPS 

24 

1988 2000 

VLIIV LARGE 

platforms 

15.000 - 30.000 

m 

■ 

B 

9 

1990-*- 2000 

UNMANNED 

SLItVICING 

SORTIE 

6,000 -*'0,000 UP 
0 -*>2.000 DDWA 

<25* 

N/A 

600 FPS 

29 

1991 -*• 2000 

MANNED 

SORTIE 

UP TO 
12.000 

<20* 

N/A 

115 

FPS 

11 

1994 -*>2000 


ORIGINAL PAGE IS 

OF POOR QUALITY DESIGN CRITERIA 

MISSION DURATION 


MISSION TYPEIMOOE 

DURATION required 

NO. OF 
MISSIONS 

PIANETARY INJEaiON 

22 HR 

9 

MULTIPIE PAYLOAD DELIVERY 

39 HR 

10 

EXPENDABIE GEO DELIVERY 

41 HR* 

1121 

REUSABIEGEOOGIVERY 

62 HR 

3B 

LOW THRUST GEO delivery 

90 HR 

33 

UNMANNED SERVICING 

194 HR 

29 

MANNED SORTIE IT DAYSI 

150 HR 

11 

MANNED SERVICING 121 DAYSI 

500 HR 

0 

MULTIPLE LSUNCH D lAUNCHI 

>200 HR 

1 
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•54ims IF STAGE IS DISPOSED Of AT GEO + 2000 NM 
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REUSABLE ORBIT TRANSFER VEHICLE (OTV) 
EVOLUTION 


ORIGINAL. PAGE IS 
OF POOR QUALITY 



*OTV a PAYLOAD: SAME LAUNCH OOTV ft PAYLOAD: SAME LAUNCH ftOTV ft PAYLOAD: SPLIT LAUNCH *2 MAN SORTIE 

TO GEO 


•SIZED FOR 66K STS 

•SIZED FOR 66K STS 

•SIZED FDR AUGMENTED STS 

•AUGMENTED STS 

•OELIVERYONLY 

•AEROBRAKE: OELIVERYONLY 

•COULD BE SPACE BASED 

•SPACE BASED 


PAYLOAD potential (POUNDS) 
DELIVERY 

OTV-1 

6K 

OTV-2 

12K 

OTV-3 

14K 

MOTV 

RETRIEVE 

- 

- 

16K 

- 

ROUNDTRIP 

- 

- 

6K 

12K 

EXPEND 

16K 

17K 

27K 



REUSABLE CRYOGENIC ORBIT TRANSFER VEHICLE (0TV>1) 

22 FEET 
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«««»*>• 

0|l POOR QU/VUTY 


MVLMM 









TRANSPORTATION COST COMPARISON TO GEOSYNCHRONOUS 
EQUATORIAL ORBIT (GEO) 



URGE SPACE SYSTEMS REQUIREMENTS 
ON PROPULSION SYSTEMS 


sufiuam 

• KHraRMANCC 

• ia-1l ktfe or OAVLOAD TO OEO 

•THRUtt ACCEiniAYlOMOkl -MHGAN K TOLlRATiD 

•AERO AiSWrEO RStURN TO kEO MAJOR kEVERAOE ITEM 

orAVLOAo rACKAoma 

•rLATTOHM rAOKAOWO DENSITY IN ETS lOM 
•UrfER STMU iBNOTNEHOULORl MINIMIIEO 

OSERViOtNaAKERIt control 

•TELEOrSRATOR MANSWVSRINO MMTEM: LEO ANO OEO SERVIOINQ/OEMIIS CONTROL 
•lOLARELECTRICOTV: OEMIMOONTROL 


•ECONOMY 

•TRaNSTORTATCON economy can it A MAJOR ENARLINO TACTOR FOR LAROE 
SFACE SVSTEMi - rARTWULARLV AT OEO 
•REUSAOILITV FOR ETO OrFER OTAOEB! VITAL 

•CRYOOENIC OTV SYSTEM WITH AERO ASSIST FOR RETURN: ENARLEESIK STS 
TO FERFORM EARLY FLATFORM MHSIONS 
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SYSTEMS INTEGRATION 


JAKES J. PELOUCH, JR. 


National Aaronautica and Spaea Adminlatratlon 
Lawla Reaaareh Gantar 
21000 Brookpark Road 
Clavaland, OH 4413S 


HHAT IS SYSTEMS INTECRATtOH? 

HOU IS IT TRADITIONALLY ACCOHPLISHEO? 

HOK DOES ITS CHARACTER CHAM6E MltM THE ADVENT OF - 
THE STS? 

PROPULSION OUT OF THE ORGITER? 

LSS? 

HHAT DEMANDS. IF ANY. HILL IT IMPOSE ON TECHN0L06Y? 


INTEGRATION AS A TASK 


DEFINING, UNDERSTANDING, AND ACCOUNTING FOR INTERACT- 
IONS DETUEEN THE MAUOR SYSTEMS OF A SPACE HIS^ON; 


ASSURING TH AT T HESE INTERACTIONS DO MOT VIOLATE TNE 

SMI “WOUU 


)23 


HISTORICAL APPROACH TQ INTEeRATlON 

• lOENTinCATlON OP INTERPACPiS 
9 ESTAOUSIIIIEMT OF 8TAHDARD3 ANO INTFRFACE SPFCR. 

9 OFSIfiH RFVIFUQ 
9 CHARACTERIZATION OF PROTOTYPES 
9 COIIFICURATION CONTROL 
9 QUALIFICATION ANii ACCEPTANCE TESTS 
9 ANALYSIS AND DISPOSITION OF NON-CONFORHANCES 
9 FLIGHT-READINESS AND POST-FLIGHT REVIEHS 


OBSERVATIONS 

• SS'SPACECR^T?^ CONFORHANCE HISTORICALLY PLACED 

VEHICLE - A DEVELOPED ENTITY U/CERTAIH OPTIONS 
SPACECRAFT - AN EVOLVING ENTITY 

9 INT^RATION is a HAJOR FRACTION OF TOTAL LIFE-CYCLE 

COST* 

9 THE LATER INTEGRATION BEGINS IN THE LIFE-CYCLE 
PROCESS. THE HIGHER THE LIFE-CYCLE COST. 

9 TECHNOLOGY NOT HORHALLY VIEtlED AS A METHOD OF 
ENHANCING OR ENABLING THE INTEGRATION TASK. 

INSTEAD - 

TASK HADE MORE COMPLEX BY IT 
SOLUTIONS ARE ENGINEERED 

MORE SYSTEMS - MORE INTERFACES THAN BEFORE 
SYSTEMS MORE COMPLEX THAN BEFORE 
MORE CONFORHANCE CRITERIA THAN BEFORE 

9 LSS FURTHER AGGREVATES THIS PROBLEM. 

0 LSS MISSIONS POSSIBLY PREVENTED BY IT. 


EXAHPLE - MORE INTERFACES 


THEN - 

ATLAS/CENTAUR 


''^^Ilaunch'!/^ 

I VEHICLE I 


NON - 

STS/CENTAUR 




IC ENTAU^ 


SPACE- 

GROUND 

|SPACE-]-«J 

f GROUNOn 

CR^T 

OPS* 

|CRAPT J \ 

LoPs-TJ 


(SHUTTL§ 


ROUH 

O^S. 

7 


THO INTERFACES 


FIVE INTERFACES 


WieiNAL page is 

Of POOR QOAU^ 
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EXAMPLE " MQHE CONFORMANCE CRITERIA 


ORIGiriAU PAGE IS 
OF POOR QUALITY 


ATUAS/CENTAUR 

REUAflJMTY 

PERFORMANCE 

COST 

SCMEDUUE 


NON •> 

STS/CEMTAOR 

REEIAMIEITV 

PERFORMANCE 

COST 

SCHEDULE 

♦ 

0 SAFETY 
O ENVIRONMENTAL 


• SAFETY ALONE PLACES SIGNIFICANT DEMANDS ON FUTURE 
SPACECRAFT. 


FROM NHB 1700. 1 A. 'SAFETY POLICY AND REQUIRE- 
MENTS FOR PAYLOADS USING THE STS' - 


HINIHUM OF TUO INHIBITS ON THE FOLLOUING - 
PREMATURE ROCKET IGNITION 
PREMATURE S/C DEPLOYMENT OR SEPARATION 

DEPLOYHENT/EXTENSION preventing PAYLOAD 
DOOR CLOSURE 


IN THE CASE OF LSS - 

ALL OF THE ABOVE CIRCUMSTANCES EXIST 

ALONG UITH ADDED THREAT OF ORBIT DECAY/REENTRY 
DUE TO ATM. DRAG ON THE DEPLOYED LSS. 


• SAFETY AND RELIABILITY OFTEN HAVE OPPOSITE INFERENCE 


(,) 

i><i 
I d 
L-«l 

A 


u 


o 


A 


ixitxitxi 

txjlxitxi 




SAFE BUT UNREL. REL. BUT UNSAFE SAFE AND REL. 


IN THE CASE OF LSS - 

A DISABLING PENALTY HAY EXIST BECAUSE OF THE 
HUMBER OF REPETITIVE ELEMENTS IN THE SYSTEM. 

EG. - MANY HINGES. MANY ROCKETS. ETC. 


125 


IJIjOPULSION POf?aini.Y distriruted throughout 


PROPUESIOM AS 
AN UPPER STAGE 

O ENTIRE STS RE-CERf. 

® {ILNJMAL SHUTTEE/UPPER 
STAGE INTEGRATION 
AETER THAT 


PROPULSION AS 
AN LSS SUDSYSTEM 

• PROPULSION IS STS CARGO 

• PROPULSION INTEGRATION 
REQUIRED FOR EACH 
mSSION 


ANSUER - UNKNOWN AT THIS TINE 

critical TO THE SUCCESS OF FUTURE LSS 

COULD GROSSLY INFLUENCE FUTURE COSTS 
e NORTHUHILE STEPS HON - 


DEONI^AN jj-SS IIISSiON FROM THE STANDPOINT OF 

INVOLVE STS OPERATIONS MANAGEHEHT 
APPLYoCURRENT STS CONSTRAINTS AND EXPECTED LSS 

IDENTIFY HISSION LIKITATIONS BECAUSE OF THE ABOVE 

DETERMINE NEEDED CHANGES TO - STS OPERATIONS 

- LSS TECHNOLOGY 


ORIGSNAL P/iGi; SS 
OF POOR QUALITY 
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rN82- 27372 

ORIGINAI. PAG’i IS 
OF POOR QUAliTY 

GROUND- MEftSUS SPACED-BASED 
ORBITAL TRANSFER UEHICLE 


Joe Rehder 


National Aeronautics and Space Administration 
Langley Research Center 
Hampton, VA 23665 


A space-based OTV (SBOTV) is one that Is delivered to orbit empty and 
remains there for its operational lifetime. Propellant and payload are 
bfoupht up on subsequent launches. Ground-based OTV's (GBOTV) are launched 
Mith propellant and payload and are returned to the ground after each 
mission. Key issues In the comparison of these systems include debris 
protection, space-based OTV maintenance provisions, flight performance, 
on-orbit refueling, and launch and return operations. 

Debris protection has a severe impact on the SBOTV. The Increasingly 
hostile man-made debris environment and the more stringent requirement of 
no tank intact require more protection than previous open truss designs 
could provide. The penalty for the GBOTV is much leSs severe, but still 
siqnif leant. A key technology Issue is the protection capability of compo- 
site materials. 

On-orbit maintenance is critical for SBOTV. If no maintenance is 
performed, the vehicle eOuld have less than a 90-percent chance of success 
by the tenth mission. With full restoration of key components the frequen- 
cy of return to Earth for major maintenance is decreased to once every 29 
flights. The mass penalty and burden on the Space station seem acceptable. 


The iiialn problem with refueling a SBOTV Is reduction of losses during 
the various transfers. One concept^ a compromise between no propellant 
recovery and rellqulf Icatlon results In a total loss rate of 12.6 percent. 
Zero*g propellant storage and transfer is an important technology area for 
SBOTV. 


The configurations and masses of the SBOTV and CBOTV become very 
similar when the penalties are added In, the major difference being the 
maintenance provisions. In their most efficient modes of operation, both 
depend heavily on the space station. The CVOTV Is used in two Sizes and 
payloads are mated to the vehicles on-orbit. A reusable shroud must be 
developed to return GB0TV*s if a Shuttle derivative vehicle is used. The 
advantage of space-basing lies in more efficient use of the launch vehi- 
cle. Since most of the mass going to LEO is OTV propellant, and the 
launches to deliver the SBOTV propellant are generally mass limited, 
substantially fewer launches are required to support the SBOTV. 


CRSGSNAL SSa 


OTV BASING CONCEPTS 
INTEGRATED TRANSPORTATION OPERATIONS 


• SB OTV REMAINS ON^meiT 

• G8 OTV RETURNS TO EARTH 

after each mission 




'it 

•soc operations 


• LAUNCH AND 

recovery 

operations 


KEY issues 

• IMPACT OF SPACE OERRIS PROTECTION 

• maintenance provisions to ensure 
FLIGHT READINESS 

• DIFFERENCE IN FLIGHT PERFORMANCE 

• magnitude of OTV REFUELING LOSSES 

• DIFFERENCE IN LAUNCH AND RETURN 
OPERATIONS 
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SPACe fiCSPId PROTECTION FACTORS 


ViHlCie AREA 

LONQER EXPOSURE TME FOR SPACE-tASEO OTU 
AAN-AADE DEIRIS PROIlEH OETTINQ UORSE 
CRITERIA OF HO TANK IMPACT 

ORJa’iNAl PAGE B 

OF POOR QUALITY 


DEBRIS PROTECTION (MErEOROlO) IMPACT 


• SPACE BASI 
OTV 

• FLIfiNfr LOADS 
ONLY 

• TAUSSBOOY 


• OROUND BASED 
OTV 

• UUD^I LOADS 
ONLY 

• SHELL BODY 



STRUCTURAL IMPACT 


♦ 480 IIS 



• LOADS 
♦ 

DEBRIS 

PROTECTION 




♦ 1 S 8 «• • P(o| • OjnS ONE FLIOHT 

• ?» 24 MILALOMEOUIV 

• Tank mall does not 

CONTRIIUTl TOT 

^ m^erwMKMiCiMNi&eMTEHM do not allow 

* r/tiVA.V nt CONTMMUTt' TOT 

ik moniCIWN CttAHACTEtUSnaS OF G/B AND GfB sanowicu needs 
TO M EStAttUSUBD 

^ NANGAH NliCBSSAHyFONSBOrrrHOTECnONDUHiNG 
' ' ON.OItlurslVHACB(T»HMtLt 
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OONOITIOMAL MISSION SUCCESS NELMMLITV 


PREDICTED RELIABILITY FOR INDIVIDUAL MISSION 
SPACE BASED OTV 



^ ASSUMES OTV HAS EUNCTIONEO SUCCESSFULLY TO START OF M* MISSION 


UNSCHEDULED MAINTENANCE 
SPACE BASED OTV 


ORSGSr'iAL ''•''-3 

OF POOR QUALITY 


ISSUES . • • IS MAINTENANCE NECESSARV7 

. . .NHAT*S nEOUIIlEO TO ENSURE THE SAME DEGREE 
OF READINESS AS POSSIDLE WITH A GB OTVF 


FREOUENCVOP 
LEVEL OF SPACE EARTH RETURN 

MAINTENANCE INO. OF MISSIONS! 


total 

MASS IMPACT 

M tS> 


MAINTTIME INRSI 
(PERUNITI D> 


• NONE 

• ACS TNRUSTER MODULES 

• PLUS FUEL CELLS 

• PLUS MAIN ENGINES 

• PLUS avionics MODULES 


lot 

- 

- 

4.7t 

12 

2.0 

V.3S 

12 

4.0 

11.7 

104 

1.0 

29.07 

42 

1.0 


PLUS BUILT IN TEST EQUIP (lAlii) 
TOTAL MASS IMPACT - 2T0 kf 

^ CREWOFS 


ON oRiMr miNT. « most Epm-nrir mwon w assvm kkahinkss 
:H iiANSAH trovut nr.Nr.naAt 

^ m M Y ncnmioGY mim - - - bMinssmt tion is NfCKSSAHr 
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OTVREFOaiNO FACTORS 


ORIGJMAL PAGE I . 
OF POOR QUALITY 



QgUVCHV 
•aoiLOPP 
• RESlOUAia 


J>HWeUiMIT BEQUlMMBUlTf 


tftfWME JflftHSFCII M mofeUAWT 

•SOCCHILIOOWN •KHIOPF •OtVCWUOOWN • VV 

• MCSSURI2ATION • MESIIHIALS • PRESSURIZATION • INPLIOHT losses 




• RESIDUALS 


WONRECURRIwa 


SOC RELATED 

RECURRINO 


• ELECTRICAL POWER 

• RADIATOR 

• STORAOE TANKS 

• SUPPORT EQUIPMENT 
REFRIO, RELIQUIFIER ETC 


• ORBIT MAINTENANCE 
PROPELLANT 

• PRESSURIZATk QM 


SELECTED OTV REFUELING CONCEPT 

DCCOVEREb VAPOR PREESURIZATION 


ISSUES OP LOSSES ASSOCIATED with iipiiwbbv 

STORAGE AND TRATWEII DELIVERY. 



•*'NWII klC SltHIARE TANK flTVPRnPfll ANT lflNS(N:l 


lANR 


SOC STORAGE TANK 

TANK SET UtlLIZATIOif 

PROP. PLOW |K|| 

FEATURES 

fill 

£AV 

TS1 

m 

tanker STORAOE OTV 

• OUANTITV |T| 


0 

FUtL 

F 

looso |— » sesBO szsso 

•> capacity SMOOKf* 

1 

70 

1/2 

F 

OF LO 2 /LII 2 

2 

40 

0 

F 

LOSSES LOSSES 

• SOLAVERSiOF MU 

a 

SO 

F 

la 

RiSlO 1S4S ISM 

• FUUSCilStN 
ACQUISITION 

4 

•0 

F 

0 

SOILOPP 120 IBdt 

CNILL-OOWN SW 1240 
RCVR 


• TOTAL LOSSES -ST40RQ 


sH Tonit iWTifAT.f..iNf' nut »rt anr,i mt nUN rtn* 

M.rcwr MvvmMKNr 

SH OKMOMSmA tins OF 7.FHO G mmiUNT XT0HA6K ASD mmiVG 
IS hi:v mum m sn oir lovwi r.wwr 
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L 02 /LH 2 0 ^ CONFtCURATION 
normal GROVm< 



MMB(MT| 

M 

ta 

• ORv"" 

3Jl 

It 

OFROR 

nA 

i2.« 

• OROM 

9M 

ST.? 

• MASS . 

oune 

ottsi 


fiuetioii 

• MVbOAO 


• ROUND TRIR t.M.OMT 

• OftiUERV lt.7 110 



^ NO UAJOH oii-nMKNce Berwtsti eoMnevnATuma 


:|« SHOTVKf. 






\i<S 


OF POOR 


qUAI-IT^ 


OTV BASING MODE IMPACT ON SOC 


tWPACt 

• HANGAR 

• DEBRIS PROTECtlON 

• MAINTENANCE CAPAB. 


GROUND BASED. 

OTV ( 2 sizes) 

• H0NE« UNLESS OTV 

STAYS AT BASE MORE THAN 
3 DAYS (DEBRIS PROTECTION) 


SPACE BASED 
OTV 

• 4 (one for EACH OTV) 

• ONLY ONE NITH MAIN- 
TENANCE capability 


• MAINTENANCE CAPAB. • NONE 

• CHECKOUT CAPAB. • OTV/PAYLOAD 


• refueling 


• none 


• SCHEDULED S UNSCHED. 

• OTV 

• OTV/PAYLOAD 

• (2) S2 NT TANK SETS 
AND ALL associated 
plumbing & CONTROL 
SYSTEMS 


• docking ports 


• HANDUING (mating) 
PROVISIONS for: 


• PERSONNEL 


• OTV (3) 

• PAYLOADS (3) 


• OTV (4) 

• TANKEK (0 

• PAYLOADS (3) 


• OTV/OTV (11) • OTV/OTV (11) 

• OTV/PAYLOAD (135) • OTV/PAYLOAD (182) 

• OTV/RECOVERY VEHICLE (193) • OTV/RECOV. VEH (6) 


• 1= 2, lOX DUTY CYCLE 


• 3J 401 DUTY CYCLE 
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OTV RECOVCRY OPERATIONS 


ORluiNAL FAQE IS 
OF POOR QUALITY 


WOBtlUfi 

* INSUFFICIENT STS lORBITERt FLIGHTS |OR SFACE WITHIN ORGITiRI TO RETURN OTV ELEMENTS 

• 12 OflBITER FLIGHTS • 1B2 GB OfV!* 

• 100 tankers for SB OTV 

•RlrJflN®c’A^&&WoiLITT 


OPTIONS 
•GB OTV 

11 OEOICATEO LAUNCH VEHICLES 
(STS GROWTH! 

21 SDV WITH REUSABLE P/L SYS 
•SB OTV 

II EXPENDABLE TANKER 

21 SDV WITH REUSABLE PAYLOAD 
SYS IHPS) 


•REUSABLE PAYLOAD SYSTEM (RPSI 
ENGINE 



• PAYLOAO REDUCED TO SB MT 
•OOOTE BlOOM 


uhck sc.tii: era oi’kk.woss svearst rxrrNsiVK 
HtruiiN 


ik Ht:vs.titu M rtoAii srsnu 
ts /VATi* nVUNOLOCY 


OTV UUNCH AND PAYLOAD OPERATIONS 


• 1B2 OTV FLIGHTS 


SDV LAUNCHES 



(1 SIZEI (2SIZESI 


OTV/PAVLOAD MATINGS 



cuoiyvaMcmnwHorm wiknvsinc iM<oXm:s 
xttc IS vsnvL roK ann:H basinu woof 
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FINDINGS 

SPACE vs GROUND BASED OTV'S 


THE FOUOWINO STATEMENTS ARE MADE ASSUMINO A GROUND OASCO REUSAOU i02/I.H2 OTV WiTM AERO 
ASSIST CAPAOlUTY AS THE POINT OF nEPARTURE FOR FUTURE OTV'S * 2 w • v wi i n arwu 

• NO CLEAR CUT WINNER VERY DEPENDANT ON EXISTING LAUNCH VEHICLE AND SPACE BASE 

«> CONFIGURATION, DESIGN FEATURES AND PERFORMANCE VERY SIMILAR 

« so COST BENEFITS, ADDITIONAL FLEXIBILITY AND MORE RAPID GEO ACCESS FOR AN 

ADVANCED SPACE SCENARIO INVOLVING SHUTTLE OERIVATURE VEHICLES AND SOC 

• CA*E^|Sr WeS tended to improve SB OTV’S MORE THAW QB OTV BUT IN EITHER 

• SfoUCE LOSSES^^^^^ SS”*"® beneficial FOR SB OTV PROPELLANT STORAGE/TRANSFER 

• LAUNCH SYSTEM EMPLOYED IS SINGLE MOST DOMINATING FACTOR ADDITION OF SHUTTLE DERIVATIVE 

CARGO LAUNCH VEHICLE ISOCLVI SIGNIFICANTLY REDUCES TRANSPORTATION LCC osRIVATIVE 

• OTV/T ANKER RETURN NEEDS ARE KEY CONSIDERATION IN LAUNCH SYSTEM SELECTION 

• have SOX REDUCTION OF lOOX GROWTH AND NOT ALTER BASING MODE RESULTS 
BECAUSE LAUNCH VEHICLE SELECTION WOULD REMAIN THE SAME 

• SPACE BASED OTV IMPACT ON SOC APPEARS ACCEPTABLE CREW OF 2 3. SOX DUTY CYCLE; HANGAR 

• A SPACE BASE WILL HAVE A VALUABLE ROLE WITH HYBRID GB OR SB OTV’S 

V 

• MOST SIGNIFICANT NEW TECHNOLOGY ISSUES FOR FUTURE OTV’S INCLUDE: 

• SPACE OEORIS PROTECTION 

• REFUELING 


;|: SB orv's van movtm: Htciwcm vmr anh iwnoyn «irR/i/,/, .wins: mtNsitwrA riav 
ovkhahons 

A son. I' IS lilt: .nosr /wvwr.i.vr r.tvitw in m:iuh'im: nkah irttM srtn: 

TIt.tSSI'OUI t ItffN COST 


ORIGINAL PAGE IS 
OF POOR QUALITY 


134 


N82 27373 
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"SYSTEM REQUIREMENTS AND OPERATIONS" PANa WORKSHOP SUMMARY 


Fred R. Schwartzberg 

MARTIN MARIETTA AEROSPACR 

ORNVEn DIVISION POST OPPICi OOX 17* OENVEN. COLOflAOO ssm 


Emphasis in this panel's deliberations was primarily on (1) issues germane to 
the large-area systems, such as deployment, altitude, orbit transfer, and on-orbit 
operation; (2) issues strongly propulsion oriented, such as the orbit transfer 
vehicle and the auxiliary propulsion systems; and (3) programmatic issues. 

The principal discussion associated with-large area systems for the late 1980's 
and early 1990' s concerned the question of LEO versus GEO deployment. This issue is 
a significant driver on propulsion requirements for an orbit transfer vehicle and 
is closely associated with concerns for reliability of yet untested systems and 
concepts. 

It was concluded that early systems would be deployed at LEO. This deployment 
would be near the Shuttle, but sufficiently remote to avoid interaction with the 
Shuttle. Hence, the Shuttle Remote Manipulator System (RMS) would not be involved 
in early demonstration activities. The panel noted the pressing need for a Tele- 
operator Maneuvering System (TMS) and recognized the potential of the Manned 
Maneuvering Unit (MMU). However, it was generally agreed that man's role in the 
actual deployment would be minimal. His principal role would be as an observer, 
particularly for sequentially deployed systems, and that activity would normally be 
observation from the aft flight deck to control and/or provide information to assist 
in future designs. Man's role in deployment assistance or repairs would have to be 
extremely simple and would have to satisfy complex personnel safety requirements. 

In order to proceed into the LSS age, a number of LEO versus GEO trade studies 
would have to be performed. These include a study of load capability during launch, 
deployment, orbit transfer, and operation. Recognizably, these capability levels 
vary signiHcantly from the very high launch vibration loads to operational forces 
developed principally from thermal influences. Although LEO deployment was clearly 
the choice for early technology, it was apparent that partial deployment was indeed 
likely. Certain spacecraft already utilize deployment at operational altitude of 
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subsystems such as solar panels with satisfactory reliability. Ti^^de studies to 
determine which appendages could be reliably deployed at altitude should be per- 
formed. Another trade study suggested by the panel dealt with anticipated require- 
ments for deployment assistance, repair, and checkout. 

Following deployment at low Earth orbit, issues associated with orbit transfer 
must be dddressed* One of the su^Q^sted studies de^ls with the question of centifa 
versus distributed propulsiont which was well paraphrased as “Where do you 
it?“ It was generally agreed that the many advantages of distributed propulsion had 
attendant hurdles but that the technology was manageable. In order to subsequently 
address the question of the nature of the orbit transfer vehicle, it is essential to 
establish acceptable thrust-acceleration levels for various types of payload sys- 
tems. The behavior of the system during transfer through the Van Allen belts and 
the time-dependent hazards to various subsystems were identified as studies re- 
quiring attention. Additionally, the needs to provide control during transfer were 

recognized. 

During on-orbit operation servicing, resupply and capability to update were 
identified as major systems concerns requiring trade studies. Other considerations 
requiring study include integration of auxiliary requirements into the structural 
system, particularly with respect to volume, weight, center of gravity, and support; 
system operational requirements; control -system interactions with the auxiliary 
propulsion system; and servicing-vehicle needs. . 

Discussion of Space Operations Center (SOC) type systems for the 1990 s 
fied that the needs will be governed by the transition from early deployables to the 
ability to erect and ultimately to construct structures in space. It was agreed 
that operational needs have not yet been addressed. « 

Propulsion oriented issues addressed by the panel were (1) orbit transfer 
vehicles, and (2) auxiliary propulsion systems. Discussion of the orbit transfer 
vehicle for the late 1980's addressed whether the propulsion system should be cryo- 
genic, storable, or possibly electric, as well as the required thrust level and the 
question of reusable versus expendable vehicles. The panel agreed that the packaged 
length of the stage should be as small as possible and that to satisfy the projected 
need date, development should start immediately. It was concluded that there would 
be only a single new OTV to serve LSS and other spacecraft requirements. . ^ , 

Auxiliary propulsion system discussion revolved around the question of chemical 
versus electric svstems. Considerations of significance were attitude, shape, 
station keeping, and desaturation. An important feature of APS was deemed to be 
evolutionary capability or the growth of the system as a function of time. 

A discussion of programmatic issues concluded that the need exists for a better 
understanding of realistic capability and schedule. The overall conclusions of the 
panel were that an integrated large space systems/propulsion approach is essential 
and that improved dialogue between these two communities is mandatory. They also 
concluded that the LSS community needs to establish propulsion development require- 
ments as soon as possible. 
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OF POOR QUALITY 


CONFIGURATION DEVELOPfENT OF THE 
LAND NOBILE SATELLITE SYSTEN (INSS) SPACECRAFT 


c. T. GOUItL j* A. LACliY t E. E. SPEAR 


BOEING AEROSPACE COMRANY 

P.O. Box 3999 

Ststtle. WashiniHon 68124 


lsst/lmss system study overview 


)E!NG MAS SEteCTEO BY THE JPL LSST ANTENNA ORGANIZATION TO PROVIDE CONFIGURATIONS 
HD SYSTEWSUBSVSTEM REQUIREMENTS FOR LARGE DEPLOYABLE ANTENNAS. INITIALLY THE 
TUDY MAS TO COMBINE tHE NASA FOCUSED MISSIONS AND THE LSST GENERIC LARGE 
NTENNAS TO DEVELOP A SYSTEM DESIGN AND SUBSYSTEM REQUIREMENTS. EARLY IN THE 
TUDY it became evident that the FOCUS MISSIONS AND THE GENERIC ANTENNAS MOULD 
OT GENERATE THE DESIRED DATA AT A MEANINGFUL LEVEL OF DETAIL. THE LAND ^ILE 
ATELLItE SYSTEM MAS SELECTED AS THE MISSION REQUIREMENTS BASELINE AND TMO 
INTENNA SYSTEM DESIGNS (MRAP RIB AND HOOP COLUMN) INITIATED TO SATISFY THE 

IISSION REQUIREMENTS. 
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• CONtmCT ANAflOi JULY 22. IflflO 

*A STUDY OF SUDSYS1EN IHTEilFA^S OF DFPlOYAflLE ANMS FOR TIC LARFiF. 
SPACE SYSTEM TECIUWIOGY (LSST) PRQ6RAH* 

• INITIAL If ETIND IHTRODUCING UTSS SEPIEIDER 15. 19R0 

• INITIAL NEETING HITII LOCKHEED ON MRAP RIB U1SS FEBRUARY 20. 1081 

• CQNFlfiURATIQN 1 OF HRAP RIB LNSS NARai IB. 1081 

• INITIAL ICETING NITII THE HARRIS CORP. ON HOOP COLUNi LNSS HAY 18. 1081 

• CONTRACT EXTENSION! JUNE 22. 1081 

• NRAP RIB CONFIGURATION OA f HOOP COLUfl CONFIGURATION 2 CONPlEfE AUG. 17. 1081 

• PRESENT AT LSST THIRD ANNUAL HEVIEN URC NOVENIER 16. 1081 

SYSTEN7SUBSYSTEN REOUIRENENTS NRAP RID U1SS 
CONFIGURATION 3 OR 4 HOOP COLUNN LNSS 


ORIGINAL PAGE IS 
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LAND MOBILE SATELLITE SYSTEM (LMSS) 


LHSS 

PROVIDE POINT TO POINT 
COMMUNICATIONS FOR 250»000 
SUOSCRIBERS ACROSS THE 
UNITED STATES. NOBILE 
GROUND STATIONS USING A 
REUV ANTENNA AT GEO- 
SYNCHRONOUS ALTITUDE. 
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LSST/tmS STUDY PARTICIPANTS 


ORIGJW/ij, pyjQg .g 

OF POOR QUALITY 


TOE LSST ORSANiZATIOM, LMSS ORGANIZATION AND SOME OF TOEIR SUBCONTRACTORS ARE 
SHONN. BOEING'S ROLE IS TO COLLECT THE DATA GENERATED BV TOE RESPONSIBLE 
DESIGN OR ANALYSIS GROUP TO SYNTHESIZE TOE SYSTEM CONFIGURATION. THE MAJOR 
WRAP RID CONTRIBUTORS «E: LOCKHEED FOR THE BOOM, DEPLOYMENT, AND REFLECTOR; 

AND JPL FOR THE RF SYSTEM DESIGN, CONTROLS AND STRUCTURE. THESE LATTER THREE 
GROUPS CONSIST OF INDIVIDUALS THAT ARE EITHER SUPPORTING THE LSST MORK, LMSS 
HORK OR IN SOME CASES BOW. THE MAJOR HOOP COLW1N CONTRIBUTORS ARE: THE 
HARRIS CORPORATION FOR THE STRUCTURE AND REFLECTOR; GENERAL ELECTRIC FOR TOE 
RF SYSTEM DESIGN; AND JPL FOR THE STRUCTURAL ANALYSIS AND CONTROLS SI8SYSTEM 
DEFINITION. THROUGH MEMOS, TELECOMS, ACTION ITEMS, AND COORDINATION MEETINGS, 
BOEING HAS ORCHESTRATED A SERIES OF ITERATIONS THAT HILL RESULT IN A POINT DESIGN 
FOR EACH ANTENNA REFLECTOR CONCEPT TO PERFORM THE LMSS MISSION. 


































„ , ORIGlMAt PAGE IS 

mss CONFIGURATION STUDY OF poOR QUALITY 

NISSION REQUIREMENTS 


• raiaUENCY - 021 ■*- 851 1 26S0 2690 HHi UPLINK 

866 -o 876 I 2550 ■* 2590 niz DOMNLINK 

• BEMUO SEAN ISOIATION -> 25 dB GOAL 

• BEANHIDtH - 0.9 •* 0.5<> NONINALLY 
e NlMEft OF USERS -- 250.000 NONINALLY 

• USER DISTRIBUTION - POPULATION DENSITY RELATED (NITH VOX) 

• COVERAGE •• CONUS 
•POLARIZATION •• CIRCULAR 

• POINTING - (ABSOLUTE iO.lO^ STABILITY i0.05<>) 

• ORBIT •* GEOSYNC AT 110*> LONG 

• LAUNCH YEAR.1995i CHICLE. SHUHLEi LIFETIIC. 10 YEARS 

• CONPATIBILITY NITH ATT CELLULAR SYSTEN •• YES 

• NOBILE 6/T - -20 -*- -25 dB 

• BASE STATION 6/T - 11 dB 


THE GOAL OF THE STUDY IS NOT TO COMPARE THE TNO CONCEPTS, BUT THE PARTICIPANTS 
AGREED THAT THERE SHOULD BE SOME COMMONALITY IN SUBSYSTEM REQUIREMENTS. THE MISSION 
REQUIREMENTS COVER MOST OF THESE AND THE ONES CITED BELOM COMPLETE THEM. 

ALTHOUGH THE REQUIREMENTS ARE THE SAME, THE DESIGN THAT IMPLEMENTS THEM NEED 
NOT BE. DIFFERENCES SLK3I AS THE SINGLE APERTURE VS. THE QUAD APERTURE ARE 
EXPECTED THROUGHOUT THE SUBSYSTEM DESIGNS. 


mss CONFIGURATION STUDY 
SUBSYSTEM REQUIREMENTS 


PONER 

10 KM BEGINNING OF LIFE 

AniTUDE 

CONTROL 

STATION KEEPING PROPULSION 500 ISP 

HESH 

CONTOUR 

12 m 

RF FLED 

POHFR AMPLIFIER EFFICIENCY 50* 
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LNSS - WRAP RIB CONFIGURATION 


ORIGINAL PAGE 1$ 
OF POOR QUALITY 


SHOHN BELOH IS THE EVOLUTION OE THE STUDY AND THE FOUR MAJOR CONFIGURATIONS. 

AS SHOWN. THE OVERALL GEOMETRY HAS REMAINED FAIRLY CONSTANT. BUT THE HEIGHT HAS 
ESSENTIALLY OOIALED AND THE OTHER MASS PROPERTIES INCREASED ACCORDINGLY. 


L1SS WRAP RIB 
BOEING STUDY HISTORY 


IebT 


1901 


MAR 


APR 


MAY 


JUN 


JUL 


AUG 


2-24 
AT LMSC 


PRELIM DATA 



RF 

KFINITION 


FEED & CONTROL 
CONCEPTS 



CONTROLS 

definition 



CONFIG 3 
8420 L8 
(ADDED HIGHER 
feed HEIGHTS) 


11-16 
AT LaRC 

V 


SIZING REFINEMENTS 




CCNFIG 4A 
9027 LB 


CONFIG 2 
S660 LB 
(added STATION 
KEEPING GAS) 


AT%OEING 

▼ 
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LAND MOBILE SATELLITE SYSTEM SPACECRAFT 
SS METER OFFSET WRAP RIB CONCEPT 


OF POOR QUALITV 


Ihls Is 8 prelltAlnary configuration of an offset wrap rib reflecMr 
spacecraft capable of reiaylpg radio messages to land mobile units 
throughout the continental United States. It Is Intended to serulce 
units such as ambu1ances» police cars* taxis — In essence all radio 
dispatched vehicles. Its position In geosynchronous Orbit avoids 

present radio Interferences caused by tall buildings* hills* and other I 

factors. It Is one of numerous concepts for extending current space \ 

technology made feasible by the Space Shuttle, the spacecraft Is i 

sized for a single Shuttle launch and a 10*year life beginning In the I 

\ m1d>19S0's. I 


the long boom points at the earth's center* which is up and to the 
left. The shorter, vertical boom at the right points up to the north 
Supporting the antenna reflector. The Urge panel at the left Is 
the ultra-high-frequency feed. It and the SS meter diameter wire 
mesh reflector are angUd to point at the center of the United 
States near Kansas City. HuUlpU beams emanating from the feed 
panel are arranged to cover all contiguous 48 states with a potential 
In the design for coniminicatlon with Alaska* Hawaii and parts of 
Canada. 

Major contributors to development of this configuration are: 


Systen Design 
Wrap Rib Design 
(UHF Reflector/Booms) 
RF Subsystem 
Controls Subsystem 
Structural Dynamics 


The Boeing Aerospace Co. 
Lockheed MItSlle 8 Space Co. 

Jet Propulsion Laboratory 
Jet Propulsion Laboratory 
Jet Propulsion Laboratory 


1 

A 
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LHSS m? RIB 
WEIGHT STATEMENT 


ORIGINAL PAGE 13 
OF POOR QUALITY 


THE HEIGHT STATEMENT FOR THE LATEST HRAP RIB LMSS CONFIGURATION IS SHOHN 
OELON. IT SHOULD BE NOTED THAT THE HEIGHTS ARE NOT GROUPED BV SUBSYSTEM. 

BUT BY LOCATION. THIS HAS DONE PURPOSELY TO INPLENENV NASS PROPERTIES DETER- 
MINATION. A SUBSYSTEM BREAKOOHN AND REDISTRIBUTION OF CONTINGENCY HEIGHTS 
HILL BE MADE TO REFLECT SUBSYSTEM REQUIRE^ NTS. 



ilLH HT~LB 

1. UHF REFLECTOR A BOOM ATTACH 740 

2. UHF B00N-OUT60 A CABLE 90 

3. UHF BOOM-INBO A CABLE 210 

4. S-BANO BOOH A REFLECTOR I SI 

5. S-BANO FEED 2SS 

6. UHF FEED 2667 

7. RF ELECTRONICS IN BUS 490 

8. REACTION HHEELS A SENSORS - OUTBO 86 

9. REACTION HHEELS - INBD 1 

10. CONTROL EQUIP A SENSORS - Bl» J 

11. TANKAGE, FUEL. 6 THRUSTERS • OUTBD 449 

12. TANKAGE. FUEL. 6 THRUSTERS - INBO 1691 

13. SOLAR PANELS 367 

14. SOLAR PANEL MAST 6 HECH 110 

15. BAHERIES A POHER CONO 2BB 

16. BUS STRUCT, CABLING, T/C, i CAGE 050 

TOTAL 9027 
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U1SS WRAP RIB SPACECRAFT 


ORIGINAL PASS 
OF POOR QUALITY 


THE LMSS SPACECRAFT MILL BE POSITIONED ON ORBIT AT 110** MEST LONGITUDE 
MITH THE MAIN BOON POINTED AT THE EARTH'S CENTER (EQUATOR). THE ANTENNA 
BORE SIGHT IS RAISED 6® ABOVE THE BOON TO POINT TO THE LATITUDE OF KANS/S 
CITY. THE I® POINTING CORRECTION TO THE EAST (TO POINT TO KANSAS CITY) 

IS NOT BEING CONSIDERED AT THIS TINE. BUT MILL BE INCLUDED IN ANY FINAL DESIGN. 


IMPIUKSIOIT 

TO wisAs cm 


SHI 

180 , 5 * 



SEFIECTM 




i\II 








LnSS WRAP Rlfi 
VIEW FROM EARTH 


05HG5MAI. PA."!:-: r*i 

OF POOR QUALITY 


THE WRAP RIO LMSS AS VIEHEO FROM EARTH IS SHOWN ROTATED 90®. IHE N-S AXIS OF 
THE SPACECRAFT RUNS IN THE LONG DIRECTION OF VIEW WITH THE W«F REFLECTOR TO 
THE TOP (NORTH). THE CLEARANCES BElMEEN APERTURES (UHF a S-BAND) WITH RESPECT 
TO THE WF FEEO AND SOLAR PANELS ARE SNONN. THE SOLAR PANELS ROTATE ABOUT 
THE N-S AXIS. 


S-BANO APERTURE 


-UHF PEED i 


SOLAR PANELS 
■UHF APERTURE 


U1SS m? RIB 
U\UNCH CONFIGURATION 


ORIGINAL PAGE Ki 
OF POOR QUALITY 


fH£ LAUNCH CONFIGURATION IS COrfitRAlNEO BY THE TOO” OIMCTER DVNAHIC ENVELOPE 
MITHIN THE SHUTTLE CARGO BAY AND THE LENGTH OF BAY AVAILABLE AFTER INSTALLING 
AN APPROPRIATE SIZED ORBIT TRANSFER STAGE. FRON THE HEIGHT STATEMENT A 
9.000 LB. CAPABILITY TRANSFER STAGE IS REQUIRED. 'ME PRIME CONFIGURATION 
DRIVER HITH RESPECT TO STOHING H«E SPACECRAFT IN THE SHUTTLE IS THE UHF FEED. 
THE FEED MUST BE FOLDED IN S SECTIONS (THUS COMPLICATING THE FEED STRUCTURE 
AND RF CIRCUITRY) AND EXTENDS OVER BOX OF THE LENGTH. THIS REQUIRED THAT 
THE BOOM CROSSECTION BE REDUCED FRON THE MAXIMUM "PACKAGABLE" SIZE OF 120“ 

TO 9S". AS SHOHN IN THE SIDE VIEW. THE SPACECRAFT BUS (FEED END) IS 
ATTACHED TO THE TRANSFER VEHICLE AND THE LMSS CANTILEVERED FROM THE INTER- 
FACE. THE SECONDARY AHITUDE CONTROL EQUIPMENT IS SHOHN MOUNTED IN THE 
DEPLOYMENT CAGE ADJACENT TO THE UHF REFLECTOR. 


TMMK • 
na-IIM 


KlUaOR «nitUK SNSOR 
Of RID —V 


INAME. FVa-IIM- 






IN8DMS 

KilOYICNT CME 

OttUMN) 
KPIOYICNT CME 

fEMTICMWCEU-OUnD- 

TMKME. FtlEL-OUTtD^ 


IMF 

KFlEaOII 





mss MRAP RIB 
IN CARGO BAY 


ORIGJ^^AL rAC" TJt 
OF POOR Q'JALHY 


THE OVERALL STOWAGE OF THE WRAP RIB LMSS IS SHOMN. THE STONED LENGTH OF 
460" FITS EASILY WITHIN THE CARGO BAY. ASSUNIN6 THE 9.000 LB. CAPACITY 
TRANSFER VEHICLE REQUIRES 216" THERE IS A 44" CLEARANCE. IN ADDITION, THERE 
IS A POTENTIAL OF SHORTENING THE WRAP RIB LHSS BY AN ADDITIONAL 40" TO 44" 

BY REDUCING THE LARGE OIANETER (CENTER) OF THE LONGITUDINAL STRUTS FRON 4" 
TO 3". THUS A TRANSFER VEHICLE LENGTH OF UP TO 400" CAN BE ACC0N40DATE0. 
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LNSS WRAP RIB 
REFLECTOR HUB AREA 


ORIGINAL PAGE IS 
OF POOR QUALITY 


THE CONFIGURATION OF THE LMSS ADJACENT TO THE REFLECTOR Hlfi IS SHOWN 
ON THIS CHART. POINTING CONTROL OF THE OEPLOVEO WIF REFLECTOR IS NOT SHOWN 
BUT MAY OE RF.QUIRED. THE SECONDARY ATTITUDE CONTROL EQUIPMENT IS LOCATED 
AS SHOWN. 


THRUSTER 
VECTORS 
4 9 as" to 
HUB C 


UHF REFLECTOR 



NON-COLLAPSABLE 
DEPLOYMENT CAGE 


ELECTRICAL 

CABLING 


HUB DEPLOYMENT 
MEOIANISH 


THRUSTER 
VECTORS 
OPPOSITE 
HUD SET 


COLLAPSABLE 

BOON 


TANKAGE 
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U1SS WRAP RtB 
APPENDAGE STOWAGE 


ORIGINAL PACL' 1!3 
OF POOR QUALITY 
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U1SS WRAP RIB 
SOUR PANEL DEPLOYMENT 


{IS 

0 }' POOR QUALITY 


SHOWN IS THE PROPOSED SOLAR PANEL OEPLOYMENT. A TIME LINE FOR THIS IN THE 
OVERALL DEPLOYMENT SEQUENCE MAS NOT BEEN ESTABLISHED. IT APPEARS TO BE AN 
INOEPENUENT EVENT THAT CAN BE SEQUENCED AT THE MOST DESIRABLE TIME. THE 
DEPLOYED SOLAR PANELS HILL REQUIRE "UNWINDING" ONCE A DAY TO PRECLUDE 
CABLE TWISTING. THIS NAY TAKE UP TO 30 MlN. TO ACCOMPLISH (A TIME EQUIVALENT 
TO THE MAXIMUM SHADOWING TO BE EXPERIENCED) . 




CANNISTERS 
^ DEPLOYED 


0 CANNISTERS 
^ ROTATED 

ARRAY BLANKETS 
^ EXTENDED 

ARTICULATED 
^ THROUGHOUT 
MISSION 
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IMSS WRAP RIB 
FEED ASSEMBLY 


ORIGINAL « 

OF POOR QUALITY 


THI FACE OF THE FEED VIEWING THE SS METER REFLECTOR IS SHOWN. THERE ARE 134 
INDIVIDUAL PLANAR ARRAYS (87 TO COVER CONUS AND 47 AROUND THE PERIPHERY TO 
PROVIDE THE REQUIRED RF BEAN ISOLATION). THE FEED IS 6.9 H X 11.4 N X .010 M 
AND WEIGHS 1212 KG (2667 LDS). IN ADDITION TO THE PLANAR FEEDS. EACH FEED 
SEGMENT HAS A PASSIVE THERMAL RADIATOR ATTACHED TO DISSIPATE HEAT PRODUCED 
BY THE HIGH POWER AMPLIFIERS (ABOUT 2000 W TOTAL). THE ACTUAL AREA REQUIRED 
IS ONLY THE PLANAR ARRAYS AND RADIATORS. TO FACILITATE THE STRUCTURAL DESIGN 
AND MECHANISM IMPLEMENTATION 5 RECTANGULAR SEGMENTS MAY BE USED. WITHIN THE 
THICKNESS OF THE FEED ARE THE GROUND PLANES. BEAMFORMING NETWORK. AND ELEC- 
TRONICS (OIPLEXER. HIGH POWER AMPLIFIER. LOW NOISE AMPLIFIER, THERMAL CONTROL 
HEAT PIPES. ETC.). 



RADIATOR HCAT PIPE 


Ifil 





U1SS WRAP RIB 

PROPOSED THRUSTER LOCATIONS 


ORIGINAL PAGE IS 
OF POOR QUALITY 


TIIF. PROPOSED THRUSTER LOCATIONS ARE SHORN ON THIS UMRY. TO HAVE THE THRUSTERS 
IN THE USUAL ORIENTATION (ALONG PRIHART AXES) IS NOT PRACTICAL FOR THIS CONFIG- 
URATION. THE RESULT IS THRUSTER PLUME AND THRUST IMPINGEMENT ON MOST RADIATING 
AND STRUCTURAL MEMBERS. IT HAS DECIDED THAT A 30" HALF CONE SHOULD DESCRIBE 
THE PLUME AND HE HOULO USE A 4S" CENTERLINE CLEARANCE. RIGID ADIIERANCE TO THIS 
RESULTS IN CANTING THE THRUSTERS AT THE SPACECRAFT BUS (FEED AREA) 4^ IN ^HE V 
PLANE TO CLEAR THE FEED. (THIS MAT BE WANGED DURING DETAIL DESIGN.) DURING 
DEPLOYMENT (STOHED PACKAGE CONFIGURATION SEPARATED FROM THE TRANSFER VEHICLE) 
TUO sets of THRUSTERS ARE OPERABLE: (1) THE *l SET OP 4 THRUSTERS AS SHOHN; AND 
(2) THE SET OF 4 THRUSTERS FROM THE CENTER OF THE S5 M REFLECTOR HHICH HILL BE 
POINTED IN THE •£ DIRECTION AT THE -Z END OF THE STONED PACKAGE. IN THIS 
POSITIONING ROLL CONTROL IS QUESTIONABLE. AND ADDITIONAL THRUSTERS MAY BE 
REQUIRED FOR THE INITIAL DEPLOYMENT EVENTS. 



♦Z 

TO earth 
CENTER 
(PARALLEL 
TO BOOM) 


ROLL 



♦Y 
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LUSS - HOOP COLUMN CONFIGURATION 


oniG?WAi. PAGE JS 

OF POOR QUALITY 


THE EVOLUTION OF THE HOOP COLUMN IS SHOHN. TO OftTE THE TREND MAS BEEN TO 
IMPROVE THE DESIGN, SHORTEN THE STOHEO LENGTH AND REDUCE THE HEIGHT HITM 
EACH REVISED CONFIGURATION. THE STONED LENGTH AND HEIGHT ARE NON HITHIN 
THE RANGE OF THE LARGER PROPOSED 1998 TRANSFER VEHICLES. 


IMSS HOOP COLUMN 
BOEING STUDY HISTORY 


I JUN I JUL I AUG I SEP I OCT | NOV j 


5-26 

AT HARRIS 

^PRELIM OATAn 


7-21 

AT BOEING 

^ CONFIG. 2 
r HORK LIST 


CONFIGURATION 



1 

2 

3 

STONED LENGTH (IN) 

463 

412 

385 

HEIGHT (LB) 

11,665 

11,527 

11,045 


RF DEFINITION -1 


fUlQ 

AT BOEING 


HARRIS DATAn 


^ CONTROLS 
r DEFINITION 


L HARRIS 

r adaptations 


CONFIG 1 


CONFIG 2 


CONFIG 3 


10-26 
AT HARRIS 


V 

COORDINATION 
A HARRIS — , 
CATA 


11-16 
AT LaRC 

V 
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OF POOR QUAUTY 


LAND NOBILE SATELLITE SYSTEM SPACECRAFT 
120 METER HOOP COLUMN CONCEPT 


V 

/ 

I 


1 

I 

j 

\ 

\ 


J 


' s 

\ 


^^*1* • pr#11«»jn»ty concept of c <|iiiO eperCure reflector spacecreft 
capable Of Mlaytng radio aietsaget to land mobile units throughout 
the United States. It Is Intended to Service units such as ainbul* 
ancest police cars, taxis — In essence apy radio dispatched vehicles. 
Its position In geosj^MbronouS orbit avoids present radio Inter- 
ferences caused oy tall buildings, hills, and otlier factors. It Is 
one of m^rous concepts for extending current space technology made 
fmible by tte Space Shuttle, the spacecraft Is sized for a single 
Shuttle launch and a 10-year life beginning In the aild-igpo's. 


The central column pointo at the center of the united States near 
Kansas C1ty« Each of Me four feed panels at the upper left projects 
a multiple beam pattern onto Its assigned guadrant on the large, 
molybdenirni-mesh reflector. There are uplink and downlink feeds for 
both the eastern and western halves of the country. The radio beams 
are arranged to cover all contiguous 48 states with a potential 
In the design for comminlcatlon with Alaska, Hawaii, and parts of 
Canada. 


Hajor contributors to the development of Mis configuration are: 


System Design 
Hoop Coluim Design 
PF Subsystem 
Controls Subsystem 
Structural pynamlcs 


The Boeing Aerospace Co. 
The Harris Corp. 
fieneral Electric 
Jet Propulsion Laboratory 
The Harris Corp. 


\ 

S 

) 


i 

1 


1 




I 

> 

1 


i: 



( 
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LHSS HOOP COLUMN SPACECRAFT 


Ol^iGiNAL PAGE IS 
OF POOR QUALITY 


THIS SECTIONAL SIDE VIEN THROUGH THE HOOP COLUMN N-S PLANE SHOMS THE 

overall size of the spacecraft, the reflector is about 120 METERS IN 

DIAMETER. AND THE COLUMN INCLUDING S>6AND FEED AND -Z BUS IS 97 M. 

THE HEIGHT STATEMENT ASSOCIATED NITH THIS CONFIGURATION IS SHGNN ON 
THE SECOND CHART. 


HOOP WUNIED 
TMKME I THRUSTEHS 


e HOOP 


EDGE OP 
NEOH 





TRMSFER 
WHICIE 
INIERFACE 

S-OMD 
PEED 

I 9.2* 


SOIAR 
PNIEL 
S-ONIO 
KFLECTOR 

IN *l BUSi 

RCS 6RS. TRNKME. THMBtERS 
RCS ELECTRONICS. SENSORS 
REACTION MHEELS 
BATTERIES. POMER CONO EQUIP 
RP ELECTRONICS 


IN -Z BUSi 

ACS HAS. TANKAGE. THRUSTERS 
ACS ELECTRONICS. SENSORS 
reaction NHEELS 
BATTERIES. POKER COM) EQUIP 
COLUNN PRELOAD SECTION 
CABLE REELS 
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LNSS HOOP COLUIW 
HEIGHT STATEMENT 


ORIGINAL PAGE IS 
OF POOR QUALITY 


*00P« C0LUNN« REFLECTOR STRUCTURE TOTAL 

(3201) 


1 COLUMN 


2067 

2 HOOF 


729 

3 MESH i CABLES 


AOS 

INSUUTION 

(238) 


AA MLU «Z Bits 


3S 

AB HLL -Z BUS 


23 

AC MLL HOOF 


180 

S-BAHD ASSY. 

(385) 


S S-BAND REFLECTOR t BOON 


130 

6 S-BANO FEED, BOON, COAXES 


255 

UHF FEEDS, ElECTRONICS 

(2267) 


7 FEEDS (INCLUDES STRUCT, TC, CABLING) 


2060 

8 ElECTRONICS (TELEMETRY) . 


207 

ElEC. FOHER SUBSYSTEM 

(891) 


9A «Z SOLAR FANELS, BOONS, MECHANISMS 


378 

9B -Z SOLAR PANELS, BOONS, NECHANISMS 


185 

lOA *l BATTERIES, FOHER COND EQUIP. 


295 

lOB -Z BATTERIES, PONER COND EQUIP. 


93 

COiffROL SUbSYSlEN 

(3A39) 


llA *l REACTION HHEELS t SENSORS, ELECTRONICS 


A97 

IIB -Z REACTION WHEELS t SENSORS, ELECTRONICS 


ZAO 

12A *l TANKAGE, GAS, THRUSTERS 


1399 

12B -Z TANKAGE, GAS, THRUSTERS 


953 

12C HOOF MOUNTED TANKAGE, GAS, THRUSTERS 


350 

BUS STRUCTURE 

(A30) 


13A tZ BUS STRUCTURE 


280 

13B -Z BUS STRUCTURE 


150 

ElEC. CABLING (EXCEPT RF) ( NISC. 

(19A) 


lA CABLING (IN BUSSES A COLUMN) 


ISO 

IS NISC. (INSTRUMENTATION, OPTICAL ALIGNMENT) 


AA 

TOTAL 


11,QAS LB. 
(5,009 K6) 
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LNSS HOOP COLUMN 
QUAD APERTURES 


ORIGINAL PAGE 13 
OF POOR QUALITY 


A VIEM OF THE QUAD-APERTORE HOOP COLUMN IS SHOWN lOOKINS FROM THE EARTH 
AT THE UHF reflector. THE FOUR SLI6MTLT ELLIPTICAL SPOTS ARE THE 
ANTENNA APERTURES. THE TWO LARGER ONES IN THE N-S PLANE (VERTICAL) AW 
THE OOHNI.INK FOR THE EASTERN AND WESTERN HALVES OF THE UNITED STATES. 
THE SLIGHTLY SMALLER APERTURES IN THE E-W PLANE (HORIZONTAL) ARE FOR 
UPLINK COiMUNICATIONS. THE SOLAR PANELS. FEEDS (4), AND S-BAND 
ANTENNA AllE CLUSTERED IN THE CENTER. THIS PARTICULAR CONFIGURATION 
REQUIRES SOLAR PANEL ARTICULATION ABOUT BOTH AXES. IF THE PATTERN 
MERE ROTATED 90®, SINGLE AXIS ARTICULATION OF THE SOLAR PANELS WOULD 
BE ADEQUATE. AN ANALYSIS ON THE IMPACT ON RF PERFORMANCE IS BEING 
made TO SEE IF THIS IS PRACTICAL. 
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ORIGINAL PAGE; IS 
OF POOR QUALITY 


THIS CHART SHOHS AN ISOMETRIC OF THE STONED HOOP COLWlM. WE ATTACHMENT 
TO WE TRANSFER VEHICCI IS AT WE +Z BUS. 



LMSS HOOP COLUMN 
LAUNCH CONFIGURATION 



IbB 




U1SS HOOP COLUm 
UUNCH CONFIGURATION 


OfWajWAiL PAGE IS 

O'" POOP QUALITY 


1ME STOMED CONFIGURATION IS CONSTRAINED BY TNE 1B0" DIANETER OF THE CARGO 
BAY AND THE LENGTH AVAILABLE AFTER INSTALLING AN APPROPRIATE SIZED 
ORBIT TRANSFER STAGE. FROM THE HEIGHT STATEMENT AN 11.000 LB. 

CAPABILITY TRANSFER STAGE IS REQUIRED. THERE ARE THREE CONFIGURATION 
DRIVERS HITH RESPECT TO THE HOOP COLUMN LAUNCH CONFIGURATION: 

(1) DIAMETER REQUIRED TO STOH THE 4 FEED ARRAYS; (2) THE LENGTH REQUIRED 
FOR THE HOOP COLUMN MEMBERS PLUS THE ^Z AND -Z BUSSES; AND (3) THE 
LENGTH REQUIRED FOR THE S-BAND FEED BOON. AT THIS TIME ALL FIT. BUT 
THE MARGIN OR POTENTIAL FOR GROHTH OR REDUCING THE SIZE OF THE LAUNCH 
CONFIGURATION IS SLIGHT. ASSUMING THE 12.000 LB. CAPABILITY TRANSFER 
STAGE HAS A LENGTH OF 324". THERE IS ONLY 11" CLEARANCE IN THE LENGTH 
OF THE SHUHLE CARGO BAY. 
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ORIGINAL PAGE IS 
mss HOOP COLUMN OF POOR QUALITY 

APPENDAGE STOWAGE 


THIS CHART SHOWS AM END VIEW OF THE HOOP COLUMN LAUNCH CONFIGURATION 
AT THE INTERFACE WITH THE TRANSFER STAGE. 
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ORIGINAL PAGR IS 
IMSS HOOP COLUMN OF POOR QUALITY 

IN CARGO BAY 


THE HOOP COLUm LHSS/TRANSFEl( STAGE VEHICLE COMES NITHIN 11<* OF FILLING 
THE STS CARGO OAT LENGTH. THE 324" TRANSFER VEHICLE LENGTH IS THE 
GREATEST OF ANT PROPOSED, OUT SHORTER TRANSFER VEHICLES 00 NOT HAVE 
THE CAPABILITY TO INSERT AN LHSS OF ABOUT 11,000 LB:>. INTO 
GEOSYNCHRONOUS ORBIT. 
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ORIGifJAl. Pr.Cf- S3 
OF POOR ou/\L;rY 

m HOOP coluffi 
FEED AREA 


IMIS CHART SHOMS THE KPLOVEO ELEMENTS AT THE FEED END (♦! BUS) OF THE 
COLUMN. THE SUBSEQUENT CHARTS IN THIS SERIES SHOW CROSSECTIONS IN THE 
H-S AND E-M PLANES OF THE FTEO AND THEN A VIEW OF THE FEEDS AND OTHER 
APPENDAGES LOOKING TONARO EARTH. 




I 


ORlfilNAt PAGE IS 
OF POOR QUALITY 


IKSS HOOP COM 
NORTH-SOUTH PLANE 

SOLAR 



FEED AREA 


USS HOOP COLUMN 
EAST-WEST PLANE 



^I?P_..araa 


63 


lAL ^ 

OR QUAUTY 

PEED AREA - VIEW TOWARD EARTH 



TYPICAL 7 PATCH 
RAUIATIN& CLEICilT 



♦z 

TO KANSAS 
CITY 

(PITCH AXIS) 


LMSS HOCP COLUMN 
PROPOSED THRUSTER LOCATIONS 


PAGE 


THE PROPOSED ECCATION FOR ATTITUDE CONTROL THRUSTERS IS SHOWN. THE 
HOOP COLUMN CONFIGURATION IS ESSENTIALLY SYMMETRICAL ALONG THE COLUMN 
AXIS WITH THE CG DISPLACED SLIGHTLY IN THE +Z DIRECTION. DUE TO ITS 
GEOMETRY, THERE ARE FEWER PROBLEMS WITH RESPECT TO PLUME IMPINGEMENT ON 
ADJACENT MEMBERS. AN AREA OF CONCERN IS PITCH CONTROL OF THE UHF 

Reflector, the tension ties to the hoop in the form of the quartz 

AND GRAPHITE EPOXY CABLES DO NOT PROVIDE ANY APPRECIABLE TORSIONAL 
stiffness, at this time the controls GROUP (JPL) AND THE HOOP COLUMN 
OESIGN'RS (THE HARRIS CORP.) ARE EXAMINING PLACING 6 PAIRS OF THRUSTERS 
ON THE PERIPHERY OF THE HOOP TO PROVIDE CONTROL CAPABILITY OF THE 
REFLECTOR. 



16 b 


V: ' 


TIIC Df-PIOVEO HOOP COi UMN LMSS IS SHOWN RELATIVE TO THE SEATTLE KIN600HE 
(SPORTS STADIUM) . ALTHOUGH THE KINGOOME IS A LARGE STAOIUM, HE HOIM.0 
HAVE TO RAISE THE ROOF ~40 M OR DIG A DEEP HOLE IN THE CENTER OF THE FOOTBALL 
FIELD TO BE ABLE TO DEPLOY THE HOOP COLUMN LMSS INSIDE. AS FAR AS HE KNOW, 
THERE IS NO FACILITY CAPABLE 01 OG TESTIN5 OF THESE TYPE AND SIZE 
STRUCTURES. 



ORIGINAL PAGE 

black and white photograph 
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onicw-iAi ■; -i 

INTE6RAT10N RESULTS OF pooa euurrY. 


j AS A RESULT OF THE HORK CONOUCTEO ro DATE THERE ARE SEVERAL AREAS 

; OF CONCERN. THESE VARY FRON HAVING A SLIGHT ADVERSE EFFECT 

' (INCREASED HEIGHT) TO EVENTS THAT CAN SCRUB THESE MISSIONS AS 

NOH CONCEIVED (NO TRANSFER VEHICLE HITH COMPATIBLE SIZE AND 
t" PERFORMANCE). PENIAPS THE MOST SIGNIFICANT OF THESE IS PLANNED 

i' TRANSFER CAPABILITY AND SIZE IN THE 198S TO ZOOO TIMEFRAME. 

I ' SOME definitive PLAN IS NEEDED. 

i: 

1 

) 


STOWAGE VOLUME 

SPACECRAFT & TRANSFER VEHICL£ 



XO 1302 


j 

i 

i 
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OKIGIWAL m 

OF POOR QUAUr^' 

FEFD ASSEMBLY 

TECHNOLOGY DEVELOPHENT AREAS 


1NIE PftOPOSfO FEED FOR THE MRAP RIB LHSS IS SHOMN. GUT THE TCCHK0L06V 
DEVELOPMENT REQUIRED APPLIES TO THE HOOP COLUMN FEED AND PARTIALLY TO 
THE S’DAND FEEDS FOR BOTH. THERE IS A HIGH DEGREE OF CONFIDENCE THAT 
THE CONCEPTS PROPOSED AND THE WORK ACCOMPLISHED HILL LEAD TO VIABLE 
DESIGN SOLUTIONS. BUT THE CRITICALITY OF THE FEED SIZE. HEIGHT. HINGING. 
PACKAGING AND PERFORMANCE HITH RESPECT TO THE TOTAL SYSTEM CANNOT BE 
OVERSTATED. IF THE LMSS IS GOING TO HORK. THE FEED CONCEPTS MUST BE 
DEVELOPED AND VERIFIED EARLY (ASAP). 


a. 


S 

) 

\ 



• RF DESIGN 

• FREQUENCV/POLARIZATIOK PLAN 

• RADIATING ELEMENTS 

• BEAM FORMING NETHORK (BFN) 

• STRUCTURAL/MECHANICAL DESIGN 

• DEPLOYMENT 

• HINGE LINES 

• COAXIAL CABLE RUNS 

• BFN 

• HEIGHT 

• THERMAL CONTROL 


PARTIAL X SECTION 


LMSS MRAP RIB & HOOP COLUMN 
SOU\R PANEL LOCATIONS 


ORIGINAL PAGE 13 
OF POOR QUALITY 


TME SIZE AND PACKAGING CONSTRAINTS OF BOTH Lf«S CONCEPTS SEEN TO REQUIRE 
PARTICULAR SOLAR PANEL PUCEMENT THAT DOES NOT PROVIDE CONTINUOUS SUN 
ILLUMINATION. AT THE EQUINOX THE PANELS HILL DE IN AN ECLIPSE CONDITION 
FOR A80UT 7 " (30 NlN.)i THUS BATTERIES ARE BEING PROVIDED. THESE HILL 
ALSO COME INTO PLAY DURING THE DAILY SOLAR PANEL UNHIND. THE PROBLEM 
IS THAT DURING OTHER TIMES IN THE ORBIT, THE ANTENNAS AND STRUCTURAL 
MEMBERS HILL CAST SHAOOHS ON THE SOLAR ARRAYS. TO DATE THE SEVERITY 
OF THIS HAS NOT BEEN INVESTIGATED. AN ANALYSIS SHOULD BE MADE SOON. 
SINCE THIS MAY ADVERSELY AFFECT HEIGHT (SOLAR PANELS AND BATTERIES) AND 
PACKAGING. 


• SOLAR PANELS TO BE LOCATED NEAR PRIME USER 

• THESE EARTH POINTING SATELLITES HILL ENCOUNTER SOLAR 
PANEL SHAD0HIN6 

• BAHERIES REQUIRED DURING ECLIPSE PERIODS 



BY REFLECTOR 

SIX! RAY 
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STRUCTURAL SUBSYSTEM 


ORIGINAL PAGE IS 
OF POOR QUALITY 


ALTHOUGH SEVERAL STKUCTURAL MODIFICATIONS MERE MADE ON DOTH CONFIGURATIONS. 
NONE OF THESE POSES A SIGNIFICANT PROBLEM. A POTENTIAL STRUCTURAL PROBLEM 
MAT HELL BE IN THE INHERENT STIFFNESS OF BOTH CONFIGURATIONS. WITHIN 
THE PACKAGING CONSTRAINTS !T DOES NOT APPEAR THAT ANY APPRECIABLE 
increase in stiffness IS POSSIBLE. 


« mm WRAP RIB BOOH CROSSECTION FROM 120* TO 108* TO 95* TO ACCOMMODATE 
FEED STOWAGE 

# LOCATED TANKAGE AND SOIAR PANELS TO REDUCE GRAVITY GRADIENT TORQUES 

• REVISED COLUm DESIGN TO SHORTEN STOWED LENGTH 


CONTROL SUBSYSTEM 


THE ATTITUDE CONTROL SUBSYSTEM FOR BOTH CONFIGURATIONS REQUIRES AN 
ADVANCEMENT IN TODAY'S TECHNOLOGY. THE POINTING STABILITY REQUIREFENT 
OF 0.03® COWiNED WITH THE COMPARATIVELY LOW STRUCTURAL FREQUENCY AMD 
large SIZE RESULT IN A NEED TO CONTROL BOTH ENOS OF THE COMFIGUk.iTION. 
THE REQUIREMENT FOR ABSOLUTE POINTING OF 0.10® REQUIRES TIGHT IF NOT 
IMPRACTICAL STRUCTURAL ALIGNMENT OF FEEDS, BOOMS AND REFLECTORS. THIS 
MAY LEAD TO A REQUIREMENT FOR ON ORBIT SPATIAL SENSING AND ADJUSTMENT 
CAPABILITY. A CONTROL CONCEPT HAS BEEN PROPOSED AND SUPPORTING 
ANALYSIS MUST BE COMPLETED TO VERIFY THE DESIGN SOLUTION. 


e IDENtlFlED THE NEED FOR TWO POINT CONTROL (SPACECRAFT AND WRAP RIB HUB OR 
SPACECRAFT AND OPPOSITE END OF COLUMN) 

•GROUND TEST NOT PRACTICAL, SO FABRICATION B ASSEMBLY CRITICAL IN OBTAINING 
ABSOLUTE POINTING OF <0.10^ 


•MAY igFD TO SENSE AND ADJUST CRITICAL SPATIAL PARAMETERS ON ORBIT 


• MUST CONTROL SPACECRAFT FROM PLACEfENT ON ORBIT THROUGH DEPLOYFENT AND 
OPERATIONAL LIFE (ORDEIS OF MAGNITUDE CHANGE IN INERTIA PROPERTIES) 


• LOCATION AND ORIENTATION OF THRUSTERS CRITICAL WITH RESPECT TO GAS WINGEIEHT 
ON MESH AND STRUCTURAL ELFIENTS 
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LSST/inSS COMFIGURATIOH STUDY 
COMCLUSIONS TO DATE 


THE RESULTS OF THE STUDY TO DATE INDICATE THAT FINITE ANSWERS FOR THE 
FOUR MAJOR POINTS ON THE CHART ARE NEEDED. THE FIRST THREE ARE 
BEING DEVELOPEOt AND THE ANALYSIS IDENTIFIED IN THE FOURTH COULD BE 
STARTED AT ANY TIME, 


• HEED A SCHEDULE/CAPABILITY PLAN FOR OTV'S 

• PLANAR ARRAY FEED TECHNOLOGY HEEDS DEVELOPMENT 

• HEED TO DEVELOP A SEHSIHG/ADJUSTHEHT CAPABILITY TO ACTIVELY CONTROL SPATIAL 
POSITIONING OF POINTS OH LARGE STRUCTURES IN ORBIT 

• SOLAR PANEL SHADOWING IN THIS APPLICATION SHOULD BE ANALYZED 


original 
OF POOR 


F/iGii «iL» 

quality 
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1 00*meter Radiometer Spacecraft Study 


H.F. Zimbeiman 
MARTIN MARIETTA AEROSPACE 

OENVCR DIVISION POST OFFICE BOX 179 DENVER COtORAOO 90201 


A rigid body analysis of a base! ins Large Space System (LSS) which 
is to function as a radiometer is presented. The LSS is placed in 
circular orbit about the Earth at an altitude of 650tan, subjected 
to environmental and vehicle ^Jlteraction forces and torques, without 
an active control system of any type on board. The environment forces 
and torques are gravity gradient, solar radiation, and aerodynamix . 
Normal operation is in nadir pointing alont the Z-local vertical axis. 
Orbital velocity is assigned to the x-axis of the spacecraft. The 
analysis is then used to demonstrate the ability or lack of the gravity 
gradient torques to stabilize the LSS over one complete orbit. The 
results generated by the analysis can then be used to size an active 
control system consisting of thrusters, momentum exchange devices, or 
a combination of the various active control devices, when used in 


173 


conjuniitlon with gravity gradient torques that would be required for altitude 
control and statlonkeeplng. 

The baseline LSS which is an Electrostatically Charged Membrane Mirror 
(ECMM) radiometer placed in an orbit at an inclination angle of 60 
degrees. When this angle is added to the 23 degree angle the Earth's 
equatorial plane makes with the ecliptic plane it causes chat orbit to 
move through ±83 degrees with respect to the sunline. For the purpose 
of the analysis an inclination angle of 67 degrees was chosen thus making 
the orbit move through ± 90 degrees and makes checking the computer 
simulation results much easier. Shown in Figure 1 is the orbit plane 
with respect to the inertial reference frame and the Sunline for various 
beta angles. Figure 2 illustrates the spacecraft for a beta angle of 
zero degrees for which there exists an occulated region during the orbit. 
Using the physical properties of the ECMM spacecraft and aerodynamic 
model parameters as shown in Figures 3 and 4 respectively, In the rigid 
body dynamic model as shown in Figure 5, a computer simulation was 
performed for one complete orbit for beta angles of 0, 45, a«id 90 
degrees. The results shown in Figures 6 through Figure 17 illustrate 
the various torques and angular momentum as a function of the anomaly 
angle, which then will be used to size an active control system to 
maintain the altitude and stationkeeping requirements of the spacecraft. 


Presented in Figures 18 and 19 is a summary of possible control torque 
actuators that may be used for altitude control and stationkeeping 


requirements . 


Ati analysis of the results concluded that taomentum exchange devices 
are not practical control actuators to be used on the ECMM. the facts 
used to reach such a conclusion are as follows: 

(1) The spacecraft would require a minimum of two momentum exchange 
devices per axis, with their respective spin vectors aligned 
opposite one another. The weight of the system becomes pro* 
hibitlve. 

(2) For the case of S ■ 90, there exists at the end of the orbit a 

3 3 

residual momentum of 1.6426 x 10 n-m*sec (1.2168 x 10 ft 'lb-sec). 

(3) There does not exist for any time during the orbit an 
occulated region which would be required in order to perform 
a desaturation of the momentum control device. 

(4) The size of the device was such that when it was attached to 

the box ring truss of the ECMM spacecraft, the packaging problems 
were such that the volume requirements of the Space Shuttle 
cargo bay were exceeded. 

(5) The average life of a momentum exchange device is in Che order 
of 3 years, which in the case of the ECMM spacecraft the mission 
time Is 10 years, would require either a redundant system of 
Che devices or an orbital refurbishment every 3 years. 

The entire control of the spacecraft now depends solely on the .ame 

form of thruster system. Presented in Figure 20 and 21 are the candidates for 

Che mlcrothrusters that were considered for use as the active control 

system. The magnitudes of the environmental forces and torques which 

Che control system must compensate are summarized in Figures 22 and 23 

respectively. 
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Considering only the flight-qualified and hlgh-Iap thrusters, the 
Pulse Plnsina Thruster (PPT) and Mercury Ion Thruster (Hglon) were 
selected as candidates to be used for the comparative analysis. The 
basic differences between the PPT and Hglon systems are sunoarlzed 
In Figure 24. 

A comparison of the two thruster systems which are considered for use 
as the ECMM spacecraft altitude control system Is presented In Figure 25 • 
Thrusters are to be positioned on the ECMM structure to overcome the 
external forces and torques. The maximum restoring torques are created 
when the thrusters fire in a direction perpendicular to the longest 
moment arm. The maximum force occurs when as many thrusters as possible 
fire in the proper direction. Finally, the strength of the structure, 
packaging considerations, and wiring problems also have to be considered 
to determine the positions of the thrusters. 

Due to these considerations, thrusters are placed on the lower ring 
formed by the EOlM's box trusses, at locations 1 to 8 as shown in 
Figures 26 to 28 Thrusters were put on the feed beam, positions 9 
and 10, to stabilize the vehicle and to create more restoring torque. 


The orbit transfer propulsion consists of four hydrazine , blowdown, 
monopropellant thrusters. They are throttleable from 4.1 to 0,7 lb. 
These thrusters provide the impulse required to transfer from the 
deployment altitude of 240I@ to the operating altitude of 650km. They 
are in pairs for redundancy. 
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The suggasCed propulsion syscem consists of four space-qualified 

MRE-4-A-1 hydrazine thrusters produced by TRW and RCA. These thrusters 

have an I of about 220-230 s. These thrusters will be hard mounted 
sp 

on the upper ring formed by the ECMM’s box trusses as shown In Figures 
26 to 28. 

The expression defined by equation shown on the graph present In 
Figure 28 is used In this form to evaluate the time to decay from one 
altitude to another. The accuracy in predicting orbit lifetime is quite 
good as long as the altitude increments used are from 25 to SOkm. 

The total orbit lifetime is obtained by adding the Ats. Shown in 
Figure 29 is At as plotted as a function of Ah, for the spacecraft 
shown in Figure 3. For the purpose of comparison, the membrane 
material was replaced with a mesh material. Presented in Figure 30 are 
the values that were used to determine At for a Ah equal to SOkm 
increments. 

There will exist times during the mission, in the case of large orbit 
inclination angles, for which no occulted region ^Ists. This case 
is illustrated in Figure 31. The Inclination angle, as a function of 
orbit altitude, will produce an occulted region. 

Shown in Figure 32 is a plot of orbit inclination as a function of 
orbit altitude. Orbits with no occulted region are subjected to 
continuous solar radiation pressure force and torque over a long period. 
This presents difficult problems in a momentum management scheme if 
momentum exchange devices are eonn -’ere'd for use in trying to compenaate 
the torque due to solar radiation pressure. 
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Ipiire 3 ECMMSpddecraft Physical Pimoiisioils and Properties 



Mats ^ 6800 kg 

1.2.8H lO^kg in^ 

lyy - 1.21B K 10® kg 111 * 

• 0.959 X 10® kg 

Cruis prodMcti of iitortia aro laro. 



Plfurc A 


Aerodynamic Model Data Parameters 


Figure 5 


Geflinelrlc sha|w 

Proicclod areas 
lAj^l in^ 

Draq coefficient, 
% 
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1 
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0 
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28 
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28 
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0 
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1.44 
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0 
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ORIGINAL PAG^ IS 
or POOR QUALITY 


Block Diagram Rigid Body Dynamic Model 




Anomaly Angle, t}, deg 



181 



Figure 7 MagnltudedfTotalTorqMeVersus Anomaly Angle, ^-0 deg 


Mftgniliido of Total 
Torqua, Jj, n m 



Figure fl Momentum Components Versus Anomaly Angle 

In Inertial Frame, /?=0deg 


Components of Momentum^ H|, n*m*s 
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Figure 9 Magfiltudeol Momentum Versus Anomaly Angle t ; 

In Inertial Frame, /I = 0 deg of rook quals iy 



Figure 10 Total Torque Components Versus Anomaly Angle, 

/J=45deg 

Components off Total Torque, Tqq, n m 



Magnitude af Total Torque Components 
Versus Anomaly Angle, p ^ 45 deg 


MagiMltMle of Taint Torc|ue. Tj. o mi 
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OF POOR Ql'A»-t'fY 


1 440*02 


2 160*02 


2 800*02 


Afuiiti.ily Angle, i/. deg 


Momentum Components Versus Anomaly Angie 
in Inertial Frame, /?=45deg 


Coniponentf of Moment iiin M|. n m % 


2.b0u*01 3 000*07 2.000»07 
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Figure 13 


Magnitude of Momentum Versus Anomaly Angle 
In Inertial Frame, p- 4S deg 


Mlfttinitiiftn of Mdmsntuin ll|, o iit'^ 



Fi gure 14 Total Torque Components Versus Anomaly Angle, 

/I =90 deg 


Compomnilt of Total Tori|uo, Tj, n-m 
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Figure S5 


Magnitude of Total Torque Versus Anomaly Angle. 
fi ' dOdeg 





FI pure 16 


Momentum Components Versus Anomaly Angle 
In Inertial Frame, ft- 90 deg 


«• Mompnluni II,. n m » 
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Figure 17 


Magivltude of Momenf urn Versus Anomaly Anglo 
In Inertial Frame, P" 90 deg 


MfgiiiiiMic of Momtnlum, 
H|. n m I 



187 


Flf»iire 18 


Control Torque Actuator Summary 


C? f OCR 


K.: 


guAtKY 


torque 

^(liialor 

Advantage 

Thriislcr& 

No cross coiiiiting will) the 
vehicle motion to produce 
undesirable torques for 
which compensation must 
be made. 

Fleciric 

High specific impulse, 
applicable to missions 
with a long lifelime. 

Chcmitdi 

High IhrusI 


Olsaifodnlo(|c 


low-ihrusi, l)iqh-|iower re- 
quirements 


Low S|)ecific impulse, not 
dpplicdble to missions with a 
long lifelime: tankage and 
weight problems 


Flp.ure 19 


Control Torque Actuator Summary (conci) 


Torque 

^cludtor 

Advanliitje 

Olsadvanlaqe 

Moincniiim exchanqe 
devices: Keaclion wheels 
and CMG 

Ideal when dislurbanres are 
cyclic with res|Mi( (o an Inerlial 
relerence frame and Ihe secular 

Cross coiiplinq with Ihe vehicle 
motioh to produce undesirable 
torques that require compeiv 

1 

componenl fliias lorqiiel is 
small. Could redtae Ihe si/e 
and number of Ihruslers re 
quired for the mission. 

salion. Requires a desaluralion 
control law sclieme. Number 
required could be prohibitive In 
terms of sire, weight and power 
required. 

Maynellc torquers 

Used in conjunclion with 
momenhim exdianqe devices 
for desaluralion or momentum 
manaqemeni |uir|ioses. 

Mdijnelic field of the Larih Is 
lime variant and strongly alti- 
tude -deiienilent. At any In- 
stant, torque can l>e produced 
only along components normal 
to the tocdt magnetic Held vector. 
I’rai lli al Hnulations In (lower 
suiqdy and coil sl/c make the 
generation ut large torques un- 
feasible. 
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Figure 20 


Microthrusler Candidates 
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1 Thriid. lb 

1 'sn* * 

Cliciniral 
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Inert 


35lo??5 

Vapnrlrlnq liquid 
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Siibllminq solliK 

10 '*10 10^ 

dOlo 80 

Myilrarinc dirod i alalyd 

O.fl^lo 1(100 

IOOIo?2S 

Dipronollanl (dorahlol 

O.OSIolO^ 

I70lo3?0 


Figure 21 Microthruster Candidates (conci) 


System 

Tluusl, lb 

V* 

rieciric 


Reisislojet 

O.OMo^.0 

175 to 8(i0 

Fledrolysis 

10 '*10 5 . 0 

100 to 350 

Pulsed' plasma 

lO'* to lO'^ 

1000 to 5000 

Ion Imef-ciiryl 

to ’to 0.5 

2000 to 9000 

Ion (nohIt! qasl^ 

2. 1 X lo ’ 

55tnio6d00 

MPD^ 

?.3X l0'^lo3.?X to ^ 

2000 to 9000 

Mass driver ' 

10^ to 10 

io‘’to5: o' 


®Nol (llqhl qiialiltcil 
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Figure 22 


Environmontal Forces 


Rnia 

Anglo 



Solar 

Nxlir* 



Aerodynamic 

N X 10 * 

Idegl 


X 

Y 
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X 

V 

7 

0 

Max 

13.30 

0 

n.i 

-5.86 

0 
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0 
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0 
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45 

Max 
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0.11 

0.07 


Min 
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- 42.2 

- 7.77 

- 0.60 

- 0.29 

W 

Max 

0 

- 13.0 

0 

- 5.86 

0.74 

0 


Min 

0 

- 13.0 

0 

- 7.93 

0 

- 0.25 


Figure 23 


Environmental Torques 
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0 
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0 

45 
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u 
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0 
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Figure 2 A 


Propulsion Systom Comparison 


PMsina PropiiKlon 

IlnrlromiHinollc forces 

Elor.lrlcally noirtral plasma acrcloralod 

No noulra'lzallon rcqtilrcil 

Exlrenicly short puffs of propellant arc 
ejected fmicroseconds ol How timel 

tnstantancoiis reaction forces are 
typically hundreds of pounds 


Ion Propulsion 

neclroslallc fcrces 

Charqcd Ions arcelsrated 

Ions must tie ncniralircd 

Steady How of propellant Is ejected thonrs 
ol How llmel 

Reaction forces Inherently fractions ol 
a pound 


Figure 25 Mercury Ion and PPT Comparison 



Mercury Ion 

PPT 

Packaging 

Very versatile^ 

Some sire resiriclion*’ 

Number of thrusters necessary 

?0 

?4 

Total power requirement 

4840 W 

4080 W 

Effects on structure 

Possible degradation^ 

None 

ACS requirements 

Satisfied 

Satisfied 


0 

Modular compenents innke many ihiitiaging schemes iiossllite. 

^ OfMhe shelf PPTs are cylindrical, about AX 2 cm In diameter and ?5. 4 cm wide. 
^ Sufficient lest data has not been aciiuired. 
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Flpiire 2/ 


Thruster Location, Side View 
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Figure 31 


Spacecraft Orbit for Inclination Angle and pto deg 



Sun Mne 
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CAPABILITIES IN LARGE SPACE SYSTEMS CONSTRUCTION 


Earle n. Crum 


National Aeronautics and Space Administration 
Lyndon B. Johnson Space Center 
Houston, TX 77058 


• SYSTEMS STUDIES OVERVIEW 

- ORBITAL CONSTRUCTION DEMONSTRATION ARTICLE 

- SPACE CONSTRUCTION SYSTEM ANALYSIS 

• SOLAR POWER SATELLITE 

- SPACE OPERATIONS CENTER 

• CAPABILITY DEVELOPMENT 

• SATELLITE SERVICES 

• HOLDING AND POSITIONING AID 

• SPACE CONSTRUCTION EXPERIMENT 


QRBI IAL. CONSTRUCTION JEMONSTRATION ARTICLE 

• DEFINED ORBITAL FACILITY MANNED FROM ORBITER IN A SORTIE MODE. 

• SIGNIFICANT COST AND TIME TO ESTABLISH FACIIITY. 

t APPLICATION OF GENERAL CAPABILITY, i.e., FACTORY FLOOR CONCEPT TO SPECIFIC 
PROJECT CAN BE INEFFICIENT. 
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SPAft tONSIRUniON SYSIIN ArtAiVSIS S!III»Y 


« tVAIIIAIIII nil OKIUTIR AS A ((INSIIUU IION HAS! 

0 siMfUD awsiniirnoN PRiums 

• (OWIINKAIIOM IHIINOltU.Y PlAVfORM 
- SOIAR POUIR SAIIUMI 1 ISI ARIUll 

0 SYSUM INSTAHA 1 ION HOrilNAllS CONSlRlimOM ACTIVtlll.S 

0 UNIAR (WIGIIRATIPM SHOUIH PASS WORK SIAIION 

0 riXIP"' rOMPLIXIIY INIIAKf.lS PROnUCTION RAIL 

0 FRu: PRin now rkomminph) (from construction point of viem) 


SOIAR POUIR SATIUlIt CONSTRUCTION 

0 PiriNIP HIC.HLY AUlOMAHP CONSTRUCIIOii FACIMTIIS 

0 PI VI LOPI P CONS TRUl I ION CONCI PIS 

- SPACE STRUCTURES (BEAM BUIEPER APPlICATIONS> 

- SPACE MIMBRANIS (SOIAR CUE BIANKEIS' 

- MOPUll INSTALIATIOM (RCS, ANIINNA EUM|NIS> 


SPACI OPERATIONS (TNUR 


0 PEEINIP CONSIRUCTION lACIIIIY FOR SOC 


0 SOC OPERATIONS REEAX IIMI CONSTRAINIS ClWAREP TO ORBUFR- 
PASIP CONSiRUniON 


0 PtVIlOPEP PIER CONCIPI WIIH RlCONM (.ORATION CAPABILITY - ANAEY 7 ED 
COMMUNICATIONS PEAIIORM, IR IIIISCOPI. PFIP SPACE REIAY ANTENNA, 
ANP ENlilNIlRINC. VIKHItAIIl'N IE SI ART ICE E. 
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OF pooa QUiUaTY. 

sue CONSTRUCTION PROJTCTS SUMMARY 


PnOJECT TIME, PAYS 



EXPEPIMENTAI. LARGE ORRITING PEEP ROCKWELL 

GEO COMM AMOIENTin SPACE RELAY ENGINEERING 



NO. OF 

ORBitER 

FITS 

oefloy 

TEST 

MATE TO OTV 
LAUNCH 

2 

ASSEMBLE ft DEPLOY 
Y«:ST 

Mk TE to OTV 
LAUNCH 

2 

ASSEMBLE & DEPLOY 
TEST 

MATE TO OTV 
LAUNCH 

2 

FABRICATE ft DEPLOY 

ASSEMBLE 

TEST 

MATE TOOTVS 
LAUNCH 

4 

SOC 





CREW 

SIZE 

4 

a 

S 

6 


Preliminary Set of Reference Construction Missions 



iAntU OFTICAlAlV 

nusttiPf 


. VPMVCOMPl.EK 
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rl l SATFILITF SfRVICfS - NFAR ORRmR 


OB..IFf.T|VE: 

THE DEVELOPMENT OF PRELItllNARY RFOUIRFMENTS AND DESIGN CONCEPTS FOR 
A SATELLITE SERVICES SYSTEM COVERING THE FOLLOHING CONSIDERATIONS: 

• SATELLITE USER M*mET 

• SERVICES NEEDED FOR SATELLITES 

• SERVICE EQUIPMENT AND SERVICING MOOES 

• RESOURCES, IMPLEMENTATION, AND SCHEDULING OF A 
SATELLITE SERVICES PROGRAM 

SJATUSi 

IMPLEMENTED STUDY CONTRACTS HITH GAC AND LMSC TO IDENTIFY SATELLITE 
SERVICE NEEDS DIRECTLY ASSOCIATED WITH THE ORBITER AND THOSE SERVICES 
THAT CAM BE PERFORMED WITHIN A FEW KILOMETERS OF THE ORBITED. 

S ATELL ITE SERVICES ELEMENTS 

• DEPlOYMENT 

• OBSERVATION 

• RETRIEVAL 

• SUPPORT 

0 EARTH RETURN 


SATELLITE SERVICES SYSTEM PLAN IS EVO LUTIO NARY AND INCLUDES FOUR EqUlPMEWT CATEGORIES 
WEED DATE 1983 15«4 T98 5 _ T9fl 6 _ 1087 1988 

I. INHERENT EQUIPMENT 

EQUIPMENT INHERENT 
HITH STS SYSTEM 


* * • gen eric Equipme nt 

EQUIPMENT WHICH 
INTEGRATES WITH THE 
INHERENT EQUIPMENT 
AND HAS GROWTH POTENTIAL 


III. 


UNIQUE E QUIPME NT 

EQUIPMENT UNIQUE TO 
SPECIAL MISSION 
REQUIREMENTS 


• V . ADVANC ED EQ UIPHENT 

EQUIPMENT POTENTIALLY 
NEEDED TO FULFILL FUTURE 
MISSION MODEL REQUIREMENTS 


1989 
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OF POOR QUMin V 


iniierkNT equipment 

EQUIPMENT INHERENT WITH STS SYSTEM 


.imtKRfNT iqillPMNl I 

CAVIOAP RITTNTION SYSUM PUS | • 

RfMOTf MANinil ATOR SYMIM - RMS I • 

I 

« 

EXTRAVMliaiLAR MANniyrRINO UNIT IMI I • 

I 

MANNED MANEUVERINIi UNIT > MMII ! • 

« 

I 

» 

ORDITTR NANEUyFRING SYSTIN KIT • ONS Kll I • 

AH [LIGHT l)LCK * CONTttOIS AND DISPIAYS 1 • 

* 

* 

EXTRAVEHICULAR MANEUVERINC. UNIT - TV ! • 

MODULAR EQUU’K'NT STOHAf.l ASSIMIILV - MESA j • 

CLOSED-CIRCUIT TELEVISION - CCTV j • 

» 

ORBITER EXTERIOR LIGHTING ; • 


SAmi llE, SERVICE rUNCIION 

ORnillR miINTION AND REIEASI 01 PAYLOADS 

DIPIOYMINT AND mTRIEVAE OE SATIIEITES; AISO EOR 
OnsillVAHON VIA Cnv AND SOPPORI SERVICES. 

MANNin IVA CAPAimiTY NITHIN IHE CARGO RAV 

MANNID PROPUISIVI EVA CAPABIIIIY OUTSIDE THE 
CAR DAY 

OHIiriErt milA V CAPAOIIITY 

CONIHOI HE RMS . PUS AND OTHI R HI MOTE MECHANISMS 
EHOM till OimiTIH Alt ILIGHT DICK. 

CCTV DIIHING IVA 

tqillPMINt STOWAGE WITHIN CARGO BAY 
CCTV VII WING 01 CARGO BAY 
1 IGIITING 01 CARGO BAY 


REMOTE MANIPULATOR SYSTEM (RMS) 



RMS ueim.oymi;nt 

Illustrated in the nccompanyinK fiiture is the RMS deployment of duid (Travoat-A 
satellites. The cradle structure, whioti serves as the satellite retention system during 
Orbiter bwist, is deployed from the payload bay, and the separation AV is provided 
t>y the cradle structure. The two satellites are st'parated fr<<m the cradle in the same 
orbit at a separation distance of 100 to 300 km. 
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OBIG!NftV 
OF POOR Q'lAVlT- 

generic EQ UiPMEj^ 

EailPMENT HHICH INTEGOATES WITH THE IWHEREHT EOUIPHf.HT AWO HAS GBOWTH WITEHTIAU 


HftfUPW-ATOR FOOT BESTOAIHT - MFT 
MORK RESTRAINT UNIT - HRU 
MANEUVERAOLE TTlEVISION » HIV 
tlO' OING AND POSITIONING AlO • HPA 
FLUID TRANSFER 
POWER TOOLS 


. SITFILJJE. AERy i CE. 


STAOIE platform FOR MANNEO ACTIVITY WITHIN 
OPERATING RANGE OF RMS 

METHOD OF SATELLITE ATTACHMENT AND A STAOLE 
WORK RESTRAINT DURING MMU ACTIVITY 

remote satellite (AND ORBITER) OD8F.RVATION 
CAPABILITY 

TEMPORARY HOLDING AND/OR POSITIONING OF A 
SPACE STRUCTURE WHILE WORK IS PERFORMED 

CAPABILITY TO TRANSFER FLUIDS BETWEEN THE 
ORBITER AND SATELLITES 

ENHANCED MANNED ACTIVITY DURING EVA 


MANIPULAtOft FOOT BESTRAINT IMFRI 



manned maneuvering UNIT/WOUK KESIRAINT UNIT (MMU/WRU) ADAPTATIONS 

The chart illustrutes three variations of an MMU/W-.U adaptation that have been 
identified in this study. The Level I Operational Deployment Scenarios caU for an 
MMU/WRU with a stabUizer to backup a .satellite appendKifc l>ahgup while in the 
process of being deployed by the RMS. This same nckiptaLio-. alse appears in other 
sccnarkrj to back up mwhanical hangup situati««i.-. in the payload bay. 

Tlie MMU/WRU end effector adaptation has been shown to be applicable in oU 
scenar os wherein the RMS is inoperative. The illustration shows its usage in remov 
ing a iuitellite from the payload bay in preparation for deployment. 

Another MMU/WRU adaptation identified is with the unit adapted for a payload 
handling mode. Again, this could apply in an RMS inoperative situation during a 

servicing (revisit) mission. 
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on:C!J«AL 
OF POOR QUALJ7V 


Opon Cherry Picker OCP 



HANOLINS AND POSITIONING 
AID (HPA) AND OCP/RMS SERVICING 



INIItRINT/fitNERi: 



OF POOR QUALffV 


KQUIPMKNT RTQWACiK 

Ar» icicatifitirt in the I<evol I operntiunal fjcenarioa, (i need exiata for eqiilpaient 
atowaffo eimnintera to trariaport eumponenta, replaeemeiit motliilea, Inatrumenta, and 
other equipiwait uaod in aateUite f«?rviein(y aupport, ref iirhiahment • nnd rceonfiffiuT- 
tioii. The aeeompanyiiif' ehart ahowa throe eoneepta that have been developed for 
poaitionlnf?/deploylnfr the eanniatera durinf? tiunr uae. 

The aide awhiff oonoeid utilizoa a PIPA meohariiam to ponition the eanniator out 
and away from the payload bay, thua leaving the are»a in and ahovo the payload bay 
cU?ar. The elevator concept utlUzca a telema)pint; ficrew jack to raifio tht^ canniatcr 
to a poaitiem directly above the payload hay. Tin* rotary concept utiU?.ea an in-place 
carouHol for neeeanliiK erpiiptiiont and modiiler^. 


UNIQUE tQU I PMENT 

EQUIPMENT UNIQUE TO SPECIAL MISSION REQUIREMENTS 


« UNIAUl LPJ^IPMFNT 

HAND TOOLS 
EQUIPMENT STOWAGE 

PAYLOAD HANDLING DEVICES 

RMS END EFFECTOR 
TILT TABLE 

SPIN TABLE 

PAYLOAD INSTALLATION AND DEPLOYMENT AID 


satellite, service eunction 


ENHANCES MANNED ACTIVITY DURING EVA 

PERMANENT AND TEMPORARY STOWAGE OE EQUIPMENT, 
SATEILITES. SPARE PARTS. TOOES AND DEBRIS. 

CAPABILITY TO GRAPPLE AND HANOLt UNATTACHED 
PAYLOADS 

ENHANCES THE CAPABILITY OF THE RMS 

ORIENTATION OE PAYLOADS EOR 0LPL0Yr..N^, BERTHING 
AND/OR SERVICING 

CAPABILITY r' "SPIN UP” SATELLITES PRIOR TO 
DEPLOYMENT 

OrriOYMENT AND STOWAGE OF LARGE PAY! OADS WITH 
MINIMAL RISK OE DAMAGE TO THE ORBHER AND PAYLOAD 


ADVANCED EQUIPMENT 


EQUIPMENT POTENTIALLY NEEDED TO FULFI 


ADVA NCED EQ UIPMENT 

TtLEOPERATOR MANEUVERING SYSTEM | f 

t 

t 

I 

I 

NON-CONTAMINATIur, ATTITUDE CONTROL SYSTEM ; • 

SUN SHIELD ! . 

t 

ORBITAL STORAGE ! • 

I 

I 

I 

OPTICAL ATTITUPT TRANSTER SYSTEM j « 

I 

I 

I 

t 

I 

I 

■ 

LIGHTING ENHANCEMENT | • 

« 

DEXTEROUS MANIPULATOR | • 

I 

DE-ORBIT PimPUISION PACKAGE J • 


LL FUTURE MISSION MODEL REQUIREMENTS 


SAm t, I TE SERVICE EUNCTION 


PAYLOAD DLLIVlPY/RETRIEVAl TO/FROM SATELLITE 
OPERATiONAL ORI II WHEN DUEERENT FROM ORBITER 
ORIUT 

SERVICING ^CS 01 PLUME SENSITIVE SATELLITES 

I’ROTK TION EOR SL'N SENSITIVE PAYLOADS 

ENVIRONHINTAL PROTECTION FOR ON-ORBIT 
OUILSLUNT "STORAGE" OE SATELLITIS 

MEASURES PAYinAD BAY OISTOUTIUN RELATIVE TO THE 
IRERTIAI MEASimiMlNT UNIT (lUM) PLATIORM. HENCE 
TRAN I ERRING AniTIIDL RLTlRI Nn TO SAM LLITCS 
MORE AiCIJRAtlLY 

INIIANaS ' IGIIIING l APABILITY 

ENHANI tS Rl i-DII ' Til LOPLRATOR" SERVICING CAPABILITY 

cAt'Aiuinv to III omm and Piiom ixplnuable 

'-AIM I Ills I" lARIM 
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N0NC0NTAMINA1IN6 ATTITUOr; CONTROI. SYSTI^M 


• Si^nviCING Of CONI AMIMATIQM Sf NSITIVf SATEf LITCS 



DEXTEROUS MANIPULATOR 

MASTER CONTROL IN AFO 



DfcXl hllOUS MANIPULATOR ■ ADAPTATIONS TO IIPA AND RMS 

Tho «ccoittpm,yin,r chart Oluatratca atlaptalions of the dexterous manipulator 
to the IIPA as well es RMS for serviciiijf of larjje aatellites. 
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HANDLING AND POSITIONING AID (HPA) 




p-*JOi5 quality 


V 
, I 


FUNCTION S; 


• PAYLOAD BERTHING 

• MULTI-POSITIONING/ORIENTATION FOR ORBITER-BASED 
CONSTRUCTION AND SATELLITE SERVICING 

• PROVIDES IMPROVED ACCESS AND OBSERVATION FOR 
PAYLOADS WITH COMPLEX GEOMETRIC CONFIGURATIONS 

• COMPLEMENTS THE RMS 


DE VELOPMENT ( PATTERN SIMILAR TO RM S) 


• GROUND 1 ;ST FUNCTIONAL SYSTEM (DTA) 

• DEVELOP TECHNOLOGY AND SPECIFICATION FOR OPERATIONAL SYSTEM 

• DEVELOP OPERATIONAL SYSTEM 


; j 

I ^ 

, V 


HPA DEVELOPMENT TEST ARTICLE 


) 




) 


I 

I 

■) 

1 




'N.OtPUOYEO 

ARMS 


I 


( 


\ 

4 

1 
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SPACRJpNSTRIICTIONJXPfRIMFNT 


• ORBITER-ATTACHED LOH EREOIIENCY STRUCTURE REPRESENTATIVE OF LARGE SPACE SYSTEM 
STRUCTURE 


- DEPLOYABLE 

- ANTENNA MAST SIZE 

• CONTROL/STRUCTURE INTERACTION 

- ORBITER DIGITAL AUTOPILOT LIMITS 

- INCREMENTAL DEPLOYMENT, ORBITER-ATTACHED 

• CONSTRUCTION OPERATIONS 

- RMS HANDLING (VISIBILITY, DEPLOYMENT AID) 

- EVA (INSTALL INSTRUMENTATION) 

- PROVIDE CORRELATION WITH GROUND SIMULATIONS (TIMELINE COMPARISON) 


SPACEJONSTRyCTION EXPERIMENT 

MCTIVESi 

t DEVELOP AND DEMONSTRATE CONSTRUCTION 
CAPABILITIES 

e EVALUATE DAP CONTROL WITH ATTACHED 
STRUCTURE 

• OBTAIN DYNAMICS DATA ON LARGE 
DEPLOYABLE STRUCTURE 

• EVALUATE ANTENNA FEED MAST TEST ARTICLE 

• DEVELOP FLIGHT CONTROL TECHNOLOGY 



ORJGJWAt PAGE IS 
OF POOR QUALITY 


SIIMMARY OF JSC COMSTnilCIIOM RFIAirn SIIIDIFS 


STUDY- 

• SOLAR POWER SATELUTL SYSTEMS STUDIES 

NAS9^15656 

• ORBITAL CONSTRUCTION DEMONSTRATION STUDY 

NAS9-1R916 

• ORBITAL CONSTRUCTION EQUIPMENT DEFINITION 
STUDY NAS9-15120 

• SPACE STATION SYSTEMS ANALYSIS 

NAS9-1R958 

• SPACE CONSTRUCTION AUTOMATED FABRICATION 
EXPERIMENT DEFINITION SlIIDY NAS9-1S310 

• SPACE CONSTRUCTION SYSTEM ANALYSIS 
STUDY NASO- 15718 


• DEPLOYABLE ORBITAL SERVICE PLATFORM CON- 
CEPTUAL SYSTEM STUDY NASO- 15532 

• SPACE PLATFORM ADVANCED TECHNOLOGY 
STUDY NAS0-16001 

• SATELLITE SERVICES 

NASO-16120 AND NASO-16121 

• SPACE OPERATIONS CENTER SYSTEM ANALYSIS 

NASO-16151 


• ACHIEVEABLE FLAINESS IN A LARGE MICRO- 
NAVE POWER ANTENNA NAS0-15<)2J 

• COMPOSITE GEODETIC STRUCTURE FOR SPACE 
CONSTRUCTION NASO-15678 


- - . product 

CONSTRUCTION BASE AND EQUIPMENT CONCEPTS, 
CONSTRUCTION OPERATIONS. 

FACTORY FLOOR FACILITY SUPPORTED BY 
ORBITIR IN SORTIE MODE. 

EQUIPMENT CONCEPTS TO PERFORM CONSTRUCTION 
FUNCTIONS I.E., OCP, SPACE CRANE. ETC. 

FACILITY AND EQUIPMENT REQUIREMENTS FOR 
CONSTRUCTION IN LEO. 

BEAM BUILDER AND ASSEMBLY JIG FOR ORBITER 
BUILT PLATFORM. 

EQUIPMENT REQUIREMENTS AND OPERATIONS FOR 
ORBITER BUILT LARGE SYSTEMS. CONSTRUCTION 
EXPERIMENTS CONCEPTS. SHUTTLE CONSIDERATION 
DOCUMENT. 

EQUIPMENT REQUIREMENTS FOR ASSEMBLY OF 
SMALL PLATFORM FROM ORBITER. 

ASSEMBLY EQUIPMENT DESIGNS, BERTHING LATCH 
INTERFACE MECHANISM ARTICLE. 

REQUIREMENTS FOR EQUIPMENT AND TECHNIQUES 
FOR SERVICING SAIELLITES 

CONSTRUCTION CONCEPT DESCRIPTIONS AND 
FACILITY REQUIREMENTS, CONSIRUCTION 
TECHNOLOGY REQUIREMENTS. 

EFFECT OF STRUCIURAL TOLERANCE VARIATIONS. 


OEVELOPEtNT OF SPACE FABRICATED BEAM. 


CONSTRICTION SUPPORT I QHIPMENI 

• REQUIREMENTS FOR GENERIC CONSTRUCTION SUPPORT IIINCTIONS HAVE BEEN IDENTIFIED 

• DEVELOPMENT PLANNING IS PROCEEDING ON SOME EQIIIPMINT 

• RMS - STS ELIGMT TEST 

• MMU - IN (’UALIFICATION 

• MTV - GROUND TEST ARTICLE 

• PIDA - GROUND TEST ARTICLE 

• OCP GROUND TEST ART Id E 

• HIM - GROUND TEST ART Id E DESIGN 

• BIRTIIING/DOCKING lATCII HfCIIANISM TEST ARTICLE 

• CONTINUID ANAIYSIS OF CONSTRUCTION OPIRATIONS NAY RISUIT IN REQUIREMENTS FOR 
GINIRIC. lOIIIPMINT AS Will AS SITCIAI I/ID IQUIPMINT lOR SPICITIC MISSIONS 
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COWCLUSIONS 


PRODUCTIVITY IS A FUNCTION OF FIXTURE COST AND COMPLEXITY. 

FOR CONSTRUCTION FROM THE ORBITER CARGO BAY. LONG. THIN STRUCTURES PASSING 
THROUGH THE WORK STATION ARE PREFERRED. 

SOME CONSIDERATIONS FOR ORBITER-BASED CONSTRUCTION ARE: 

• ORBITER ATTITUDE CONTROL - PLUME EFFECTS AND ACCELERATION 
« ORBITER STAY TIME - LIMITED 

• EVA • COST. SAFETY AND TRAINING TIME 

THE EXPECTED EVOLUTION OF CONSTRUCTION REQUIREMENTS IS: 

• DEPLOYABLES 

• DEPLOYABLES PLUS ASSEMBLY 

• FABRICATION - SORTIE 

• FABRICATION - SPACE-BASED 
« FABRICATION - SOC 

ADDITIONAL REQUIREMENTS FOR THE SOC HAY INITIATE THIS CAPABILITY EARLIER 
THAN CONSTRUCTION REQUIREMENTS DICTATE. 
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SONE INTERDISCIPLINARY TRADE-OFFS | 

IN THE DESIGN OF LARGE SPACE STRUCTURES i 


John Hedgepeth 
Astro Research Corporation 


EQUIVALENT LOADING PRESSURE VERSUS ORBITAL ALTITUDE 
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EQUIVALENT ANGULAR ACCELERATION VERSUS ORBITAL ALTITUDE 


EQUIVALENT 

ANGULAR 

ACCELERATION 

(X/sec^) 



ORBITAL ALTITUDE (kir.) 


DEFORMATIONS DUE TO LATERAL ACCELERATION 








/.y,v//. 


200-HETER-DIAHETER DEPLOYABLE ANTENNA 


OF POOU QUAUl 



ALLOWABLE MEMBER SLENDERNESS 


I 


t/k- < 


CASE 



PAC: ES 
C.- t QUALITY 


LIHITATIONS ON PACKAGING RATIO 


PACKAGING 

RATIO 



ACCURACY CONTROL 
ACTIVE VERSUS PASSIVE 

• Passive accuracy control Is ottractive 
and Is used almost unlversoP.y. 

• Active control Is used only primitively. 

• Passive control Is limited - and limiting ! 

• Many projected missions need active control. 

• We need to understond how best to cofrblne 
active Mith posslve control. 
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ACTIVE CONTROL TASKS 


GiaCjIj'h iiL, 

OF POOP QUALH Y 


• Sensing difficulty Is directly dependent on the field 
of vlen ond Inversely dependent on the absolute 
accuroey desired. 

• Computation becomes more lengthy as the ratio of 
lorgest to smallest quantity Increoses. 

• Actuotors are more compllcotcd os the stroke Increases 
relative to the required movement occurocy. 

• Conclusion is thot the expense of octlve control 

Is dependent on Its basic task of Improving occurocy. 


ASSUMED EXPENSE OF PRECISION 


Structure: 

Effort — Required Accuracy 


Active Control : 


Effort 


Required Accurocy 
Foundation Accuracy 


ACTIVE ACCURACY CONTROL 


RtUTIVC 

COST 
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CONCMISIONS 


• wc Should not look oi active versus passive 
control. We should determine how passive 
occurocy con ollovlotc the octlvc -control 
tusk. 


• Attitude and orblt-keeplno control forces 
will necessltote stiff structures. 


• Uround- testing rcnulrements may dictate 
pockage size. 
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QUAU'iT 


^ U82- 27377 


ACTIVE LARGE STRUCTURES 


Keto Soosaar 

Urge Srace Structures Otv. 
C.S. Draper UE0RATonv« Inc. 


BASIC nESSAGE OF THIS PRESENTATION 


• AMBITIOUS MISSIONS LEAD TO LARGE SPACE STRUCTURES 

t FOR SENSORS * P0INTIN6 AND ALIGNMENT TIGHTEN MITN SIZE 

• STRUCTURAL. FLEXIBILITY AND DISTURBANCES INCREASE MITN SIZE 

• CONTROL BECOMES ONLY MEANS OF OBTAINING PERFORNA«(CE 

0 CONTROL BANDNIOTHS OVERLAP: TECHNOLOGY AND INTEGRATION PROBLEMS 

• REID TO NORRV ABOUT DEPLOYMENT PROBLEM 

• THEORY* COMPONENT TECHNOLOGY* INTEGRATION TECHNOLOGY NEEDED 
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SCALING OF POINTIWS AWD AU6NMEHT Rj-QJIIREHENTS 


• CURRCNt SPACE TELESCOPE AT 2,^ APERTURE 


• Requirements change ip apertup- increased to lOH 


• Other larger systems also change iut scaled tv 
navelengtn (a) 


If SN- -•-* A * 

OF POOi? QUAUriT 


HIGH PERFOPMANCF RADIATIVF SYCTI.-»l< 



ST - 2,5 
(D| 


X 

0 


tfAVEL£N6TH 
OtAMETER OF OPTICS 


WHEN DIFFRACTION UNITED PERFORMANCE IS ACHIEVED 
ANGULAR RESOLUTION ■ 

• LINE OP SIGHT STABILITY 4 0.? X (STREHL RATIO-BASIS) 

•MIRROR SURFACE ERRORS 4 A/Sd 

•DEPOCUS TOLERANCE w 10 » (POR DtPPRACTION'LlNITEO R-C SYST DESIGNED 

AT D - 2 , 5 , A • 


in 


ppi^PQR WAHCP REQUtRmTS8.-LARfiLQ ^CS 


rCRPOftHANCe CIUTEdlON 

NASA " ST 

VLST 

UreWNCf MAVaCNOTH 

y « .6mh 

A » 

.6wn 

REfUCTOR DIAMETER 

2.5n 

ION 


lUAFACe OUALITt 

A/50 

A/50 

ANCUUM ACtOLUTION 

.3 X 10*®AAO 

.075 

10*®AAO 

fOINTim STAta.'TV 

.06 X lO'^AAB 

.015 

X 10*®AAD 

DErOCUS TOLERANCE 
OVER OtSTANCe OF 

A.VM 

10 H 

IQwn 
AO N 


c?’; 

OF 


POC 


DIFFRACTION - LiniTED PERFORfWICE REQUIREMENTS 






STRUCTURAL AND DYNAI1IC EFFECTS 


• NITH increased size natural VIRRAttON FREQUENCIES DECREASE 

• Very NANY VIDRATIONAL nodes in OIStURilANCE and control 
SANDH iDTHS 

• Response increases rapidly nith decreasing frequency 

• Accuracy op structural nooelling tools stressed 

• Damping generally lou in precision structures (<0.5X) 


OF POOR 


STRUCTUm SCAUNS ntCTORS 



(jJ C 


£££ ' 
a* V n(hv') '(nts /■ 




Materiol 


e 

p 


young's ntoduias 
Fot Sion's raiio 
Mrtstiy 



C 




rrr^ 
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FLEXIBLE STRUCTURE nODELING 





ST MDOa 

• STICK moa 

• 17 WOES 

• 14 IMSSCS 


OETAtl RCQUIREO FOR BASIC . 
STRUCTURE WOEUNG OF LARGE 
OPTICS CONCEPT 

• 3-OlNENSIONAL WOEL 

• 222 WOES 

• 71 NASSES 


OF POOR QUALITY 
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TYPICAL nODE IDCNtiMCATIONS 
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OF POOi« QUALITY 


LSS VIBftATlOW MODES 

HOSE DESCRIPTION 


SPACE telescope 

visration nodes 
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OlSTURBftNCE ALSO SCALE Hllrf SIZE 


QUAl-VM 


r 


• Environmentai. - Radiation pressure ani> mind 
Gravity crabicnt 

ATCiOSPHERIC DRAG 

Thermal 

Eto. 


, On*Boarb - Crvocoolers 

HICH'ENEROY laser devices 
C riG/REACTION MHEEL II3ALANCES 

Thrusters 

Etc. 

• ntSSION'RELATEO - RaP ID MANEUVERS TO RETAROET 

Scanning procedures 


DISTURBANCE FACTORS 


10 


,4, 


Iff 


10T 




.- 2 . 


10 


10 


10 


10 " 


SOLAR pressure 
’ TORQUES 

GRAVITY 
-GRADIENT 
TORQUES 

, SUNSHADE MASS 
f ^ SHIFT TORQUES 

li SOLAR ARRAY j P 

DRIVE AND I / 

^ SLIP-RING NOIS E ) p 




COOLANT MASS 
.SHIFT FORCES 


CRYOCOOLER IMBALANCE 
FORCES ( 1.4 kW 9 40 kl 


CMC IMBALANCE 

forces 

REACTION WHEEL 
IU3ALANCE FORCES 

REACTION WHEEL 
BEARING NOISE 


COOLANT 

turbulence 

FORCES 


i SA'^NA'^F^REQ. 

^SJrJnOL --*|^^^'’^7-0LATI0N. TUNING, SUPPRESSION 


10' 


10“ 


"T 

10*^ 


FREQUENCY IMil 


10^ 


10^ 


OTHER significant DISTURBANCES: 

SUNSHADE TRACK MISALICNUENT 
SUNSHADE DRIVE OEARING r;OISE 
SHUTTER ACTIVATION 

Momentum dumping thrusters 

STATIOMKEEPINOTMRI'STFP*: 
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LOS mOR RESONAm PCAKS 


ORlGi^iAL ‘ 

OF POO:? » 


LOS 

efiROR ff* 
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!D 
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i 

• •. .*• 

f/ 
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B 
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♦ •• 
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’ •• •• 
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• 
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• 
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• 


t 09 i 


i i ti s to is 30 van lot 

nfSQveNC/ (th) 


TYPES OF CONTROL W URGE SATQllTES 

• TnERNAL - SvSTCN NEEDS TO IE KEPT AT 

• Uniform temperature 

• Belom (or above) specific temperature 

• Fioure/Surface Control - Deformations kept belon required level 

• Distributed multi-degree of freedom control 

• Scale of control usually only permits quasi-btatic 

CORRECTIONS 

• Structural Control - Suppression of vibrational response through 

CONTROL MEANS: 

• Distributed dynamic multi-degree of freedom control 

• Very precise But reutive alignment generally 

• Attitude Control - Haintenance or sateuite pointing direction 

• Presence of flixibility in control bandhidth 
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VIBRATIOH CONTROL OF STRUaURES 


• RiCIO-IOSf EPFEaS SMALL COMPAAED TO FLEXIlLfi JITTEE 

• FlEXItLC JITTER INCLUDES tOTH APPENDAGES AND FAVLOAS 

• ACOSS (Active Control Of Space Structures) - DARPA frosran^ 

• To AUGMENT INHERENT STRUCn'UAL DAMPING THROUGH CONTROL MEAN$ 

• To OBTAIN 5 TO 2SX OF CRITICAL DAMPING 

• Approaches 


• VfSCOEU'STiC STRUCTURAL MATERIAL 

• Passive and active source isolation 

• Distributed passive dampers 

• Modal da.mping - passive and active 
« Modern control approaches 

• Distributed output feedback 

• Modern modal control 

• Adaptive controllers 


OF POOR 


VIBRATIOH CONTROL OF STRUCTURESt CURRENT APPROACHES 

• Constant Gain - Output Feedback 

• Simplest control approach 

• Eliminates on-line state estimators 

• Model error sensitivity lom 

• Stability theorems available for velocity output feedback 

# FInite-Dinensional Compensators 

• Modern modal control 

• Require on-line estimators 

• Control and observation spillover can cause instahilitics 

• Theory for controllihg finite dimensional systems immature 

• Adaptive controllers 

• On-line or off-line system tOENTiPicATiON requireo 

• Tike-cepenoent control gains 

• Theory immature 
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VIBRATION CONTROL OF STRuaURES: PRIM IflPlJENEHTATION ISSUES 


•FINtTC OtNENSIONAI. CONTRCI.I.Mi 

«INSTABtLlTIES ARISIH6 FROM TRUNCATED OR UNMUBCU.ED NODES 
•SENSITIVITY TO FARANETER VARIATIONS 

•CONTROLLER INTERACTIONS 

•ATTITUOE/V 1 BRAT I ON/F I CURE CONTROL 
•EXTERNAL/ON-BOARD DISTURBANCES 

•SENSOR'ACTUATOR REQUIREMENTS 

•SUONICRON RESOLUTION/ HIGH BANCNIDTN 
•sensor/actuator DYNAMICS 

•SYSTEM IDENTIFICATION 

•FREQUENCIES AND MOOESHAPES/ TRANSFER FUNCTION 

•DimCT digital design 

•SENSOR'ACTUATOR PLACEMENT 

•FAULT TOLERANT/ RELIABLE FLIGHT HARDNARE 
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ATTITUDf/STRUCTURE CO»ITROL SYSTErt 


OF FOtJfi QliiV-u V 



connections: 

— — » INFOfllWTION FtOH 

• OPTICAL 

FLEXURAL 

yrr^r STIFF STRUCTURE 


attitudes : 

^0 * desired 

®NB " •*^''*®<'TI0N base 

®MS " metering structure 

AT TRIPOD KOUKTS 


bandwidThs: 


IMU 

10 Hz 

ATTITUDE 

0.01 HZ 

CONTROL 


STRUCTURE 

5 Hz 

CONTROL 



UKPRECEDEHTED lNTEftAaiO;i BETWEEN COHTROLIERS 

« sensor performance unobtainable niTmout control 

• interaction between various control SYSTEMS: 

• thermal - FIGURE - VIBRATION - ATTITUDE 

t ITSTEMS performance HOT MEASURABLE FROM SUBSYSTEM ANALYSIS 
t SVSTEM’LEVEL SIMULATION NECESSARY 

• ILA^ - INTEGRATED URGE SPACE SENSOR SIMUUTION 

§ HAS BEEN USEFUL IN SORTING OUT SOME PROBLEMS 

• PROVIDES GUIDANCE FOR FUTURE SYSTEMS INTEGRATIOM PROBLEMS 
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DEPUfflClff BYNAWICS, COHT^L AHD SlIUlLATlON 

0 BEPUBYMf.1T (UM-PACKAGIM6) HILL BE PART OF MANY LSS SYSTEMS 
0 HISTORICALLY ONE OF MOST TROUBLESOME AREAS OF SATELLltE DESIGN 

0 nodelling of deployment 

0 DIFFICULT MULTI“B09Y PROBLEM DYNAMICALLY 
0 URGE DISPUCEMENT STRUCTURAL BEHAVIOR 
0 STABILITY OF MAJOR CONCERN 
« *DISCAS" NEEDS TO BE EXTENBM/SOPPLEMEHIED 
0 OfNERAL-PURFOSE DESIGN/ANALYSIS TOOLS NECESSARY MERE 
0 WViLOPMINt OF HINGES, UTCHES AND MECHANISMS OF GREAT RELIAIIUTY 


0 FOStiSLB FLIONT CONTROLLER IMPLEMENTATION 







TECHHOLOSY DEVaOPfiEMT NEEDS. 1 


O.ACullikL 13 

Of I’Gtili Q»IAUTY 

SmuCTUREI 

• Improved accuracy of esoenvalue aralyzers at higher hoder 

• Improved characterization of material properties especially damping 

• Design methodology to minimize eiructural response (optimization) 

• Design methodology to apply damping to specified mooes 

• Damping methodology for mi6hlv oamfed structures with real materials 

• Development of structural system identification tools of high order 

Dutoroancbs 

• ImPROYED characterization of NATUfAL OISTUROANCE8 

• Identification of on*doard sources and their reouction at source 


TECHNOLOGY liEVElOPHENT NEEDS ; 11 

• Dynamics: Rigid and flexible 

• Improvement of modelling approaches for multiple rigid bodies 

• Development of consistent apprcmches for multiple rigio/flex bodies 
« Improvement of mcselling non-linear dynamics and structures 

• Consistent and reliable. truncation approaches for urge order systems 

• Control design and verification 

• Flight code implementation 

• Verification Hethooology 

• If, STRUCTURES CAN BE TESTED IN IG " NEED NEW GENERATION OF FACILITIES 

• If NOT: MUST develop high-fidelity SIMULATION TOOLS 

• Coupled structures^ dynamics and control 

• Control to include figure. v»2nATio« and attitude systems 

a jIMULATtONS MUST INTERFACE WITH OPTICS OR RADAR CODES 
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TF.CHMOI.OGY DEVEWfllENT NEEDS; HI 


va ; :■ .ii 

^4 quality 


• Unfurlins anb Deployhent Dynamics and Control 

• Reliable dynamic modelling tools to predict deployment procisses 

• Development of control approaches suitable for oeplovment/spacc constroction 

• Development of hinges^ iatches and mechanisms nith nigh rcliaiilitv 

• Designs op «vatfhs for graceful degradation (unmanned altitudes) 

• Flight controller implementation 

• Structural Control Technology 

• Design nsthooology insensitive to truncation and parameter variations 

• Interaction nith attitude and figure controllers 

• SUSMICRON* macroradian HIGH BANIWIOTH SENSORS AND ACTUATORS THAT NAY 
niSTRIDUTEO 

• Development of system identification neihodologies 
« Direct digital design and sen$or>actuator placement 

• Fault tolerant FLioKr hardware 

• Flight computer implementation 


TECHNOLOGY DEVEL0?^^EIIT NEEDS; IV 


f Attitude Control 

• Improved Dynamic models nith high order appendage and payload flexidility 

• Reference system technology 

f Low DRIFT 

• Lon scale factor error 

• Lon jitter 

• Nitn large flexible payloads 

• Coordinate transfer between sensors and payload axes critical with flexibility 
B CMS'b and RH*s must have high control authority but ldn noise 

9 Distributed sensins/actuation must be considered 

• Controlled jet profiles are desirable 

• Rinikum settling time approaches for retarcetinb - propiled/controll^ sun 

• Fault tclenant flight hardware 
b Flight computer ikplimentation 
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OfciGJNAJ. {V.:-: ,3 

TOBUSTEH C0liT«0L FOR AUITUIIE WHEUVERS QUALITY 

• NI6N TOnOUE REQUIREMENTS - EXCEEDS EXISTINC CMG*S AND RN*S 

• IAR6ER CMQ*S HAVE LARGER NOISE PROBLEMS 

• MANY DISTRIBUTED SMALL CMG'S " HEIGHT PENALTY 

• THRUSTERS MAY BE MOST ADVANTAGEOUS 

• LIMITED NUMBER OF MANEUVERS IN SYSTEM OPERATIONAL LIFETIME 

• PROBLEMS HITH THRUSTERS 

• DISCONTINUTIES IN CONTROL PROFILES - EXCITATION 

• EXPENBABLE FUELS ALTER PLANT DESCRIPTION 

D SOME RH/CMG assist AT END OF MANUEVER STIU DESIRABLE 

• tWRK BY PROF. VAN OER NELOE OF NIT 3IRECTLY APPLICABLE 

• NEEDS REFINEMENT AND EXPERIMENTAL VERIFICATION 


TECHNOLOGY DEVELOPMENT NEEDS; V 


PACE TRANSPORTATION SYSTEM ISSUES 

• Flexible attached satellite effects on shuttle autopilot: 

STABILITY^ FUEL CONSUMPTION 

• Shuttle effects on flexible payload: ovsrstreSs hhen jets come on 

• Transport to higher orbits 

• Unfurled configuration: low *g* Tolerance# slon through 
Van Allens 

. Stoned configuration: unmanned deployment at high orbits 
• Technology verification in space 

• Probably most important since the performance many systems are 
not verifiable in the presence of gravity and atmposphere 
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SUlfMftY 


OF POOU QliALI 


t .» 

TV 


• OpPOATIMITIES with STS UAO TO tARCE PAVtOWB 

• SEOMETEICAI. TOLEAANCEI tlOHTEN MttN INCREASED SIZE 

• FLEXIDILITV INCREASES NITH SIZE 

• Disturbances increase nith size 

• Open'Uwp performance greatly inaoeouate 

• Control necessary to achieve and maintain performance 

• liiN CONTROL THEORIES^ SENSORS* ACTUATORS MUST IE DEVELOPED 

• Unprecedented interaction setmen various controuers 

• Hucn horn necessary in unberstanDino integration issues 
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' ^ 82 ' 27378 

OJ^IQSWAl. PAGS IQ 

OF POOR QUALITY 


Power Systems Integration 


L. W. Brantley 


National Aeronautics and Space Administration 
George C. Marshall Space Flight Center 
Marshall Space Flight Center, AL 35812 


POWER SYSei INTERACTIONS 


0 ATTI1UE (nfnnUDYNWICS 

0 Bm STDRAGE/KAT REJECTION 

0 SHADOMING 

0 njUfm REDUCTION OF HERWL RADIATOR VIEN FACTOR 
0 V0LTAI£4>0e LEVELS VS. DISIRIBUnON DISTANCES 

0 f\m INTERACTIONS 

0 lAlNCH PAQ(A6IN6 OONSIRAINISyON-ORBIT EEFLONIfNT 

0 NAIN1ENANCE. L(A£ST REFUCEAEUE WIT SIZE/HEIGHT 

0 RCS HITE K<PING8ENT 
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MAN’S TECHNOLOGY ISSUES 

PRESENCE 



LARGE FLEXIBLE BODY CONTROL 

SOLAR ARRAY IS A TYPICAL EXAMPLE 


Problem 


(To. Tc. Ti •••• Tr) where 

packed higher modes; I.e. (f^i ^2 •••• ^1* ^l^+V'**** 
smal 1 • 


0 


0 


Solution 


vUrailonit^im>des”are shifted. 


Approaches to Solution 

- envelop control theories, ground verify to extent practical, demonstrate In space 
. oistvruance Isolation control (DIC) theory - MSFC In-house 

. Multi-level control (one of several multl-varlable or multiple-loop control techniques) 
Bendix 

- Other 
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rs®rifSaa":Sss®sa'SF- 

CHARACTERISTICS. 


CONTROL TECHNIQUE VERIFICATION 


OBJECTIVE: 


TO DESIGN AND COST A GROUND TEST FACILITY AND 
CONCEPTS THAT ARE BEING CONSIDERED FOR FUTURE 
EXPERIMENT SHOULD HAVE SUFFICIENT FIDELITY TO 
OPERATION. 


AN EXPERIMENT THAT COULD VERIFY CONTROL SYSTEM 
large SPACE STRUCTURE APPLICATIONS. THE 
REASONABLY ENSURE SUCCESSFUL ON-ORBIT 



SHOULD START BUIORE THE I.ND OF FY-8I. 
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2ND SEP SOLAR ARRAY FLIGHT EXPERIMENT 
FUXIBlf STRUCTURE DISTURBANCE ISOUTION CONTROL 1EST 





BENOIX MORILAR CmTROL 
nULTIlfVa CONTROL 



Spakcrapt ccnfiguration is cofrosfi) op wny Loreav coiixed ncmes. Owrau comhw. svsiw 

IS DIVIDED INTO A MIER/«CMV W OWl-SEEKING SliBSYSTEMS OR DECISION fUaUMS. 





BAHERY DOMINATES LIFE~CYCIE WEIGHT 



BAHERIES DOMINATE LIFE-CYCLE COST 
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lAUNCH COST KEEPS NKd COST HIGH 



40 - 50K DOD MINIMIZES BAHERY COST WITH flPc TEMPERATURE 


NHM 
eATTERV 
COST- M$ UNO) 



OEfTH OF DISCHARGE - FERCENT 
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LIQUID METAL DROPlfT GENERATOR 


OROPUT COLLECTOR 


VIBHATOR 
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LONG TERM TECHNOLOGY GOALS 


• LOMER MANUFACTURING COST OF ENERGY STORAGE 

• LIGHTER ENERGY STORAGE 

• LONGER LIFE ENERGY STORAGE 

• LOW COST SOLAR ARRAY 

• LOW COST FOWER FROCESSINQ FOR FAYLOADS 

• LONGER LIFE COOLANT FUMFS 

• LIGHTWEIGHT, LOW-COST RADIATOR 

• LARGER CAPACITY BATTERY CELLS 



0RI6INAI, r< 

OF POUR Qi'Al {TV 

HOT SPOT ANALYSIS 


HATtfHB Of fMBtBli: I4R6B RRVEH8B VOK.TAOB BIAS AHD fOAtl OiaBIPATION tN 

om OR MORB BOUR CKU4 ON AN lUCTRICAI. MO^MIU. 

CAVSn s o SHADOtlD CBUUi 

O BROKiN CELI4 


Afficn 


aoumoin 


A CBIX HISNAtOI 

A CBU. SilORTINO RBDVCINO POUR IN A OIVBN CALL 
8UBM0DUU 

A CBiX SOU)SR MBLt CAU8IN0 AN OPBN CIRC0IV IN A 
OtVBN CBLb 8UB MODULI 

O VARt SOLAR ARRAT OlRCUIt OONflOURAtlON (MOT 
PtCIBMT IN AtL «A8B8) 

O INCORPORATB current BTPA8S DlOOBS IN SOLAR 
ARRAT DBSION 


COMPLETED TASKS 


. DEVELOPED TEST CIRCUIT PROCEDURES, AND SOPTMARE FOR REVERSE 
BIAS TESTIN6 OF SOLAR CELLS. 

. SUBJECTED TEST SAMPLES TO|NUMEROUS REVERSE-FORWARD BIASED CYCLES. 

. DERIVED DIODE CHARACTERISTICS FOR REVERSE BIASED CELLS FROM FORWARD- 
REVERSE l-V CURVES FOR THREE TEMPERATURE CASES. 

. CONSIDERED EFFECTS OF THE REVERSE |-V CURVE DUE TO THE CELL BEING SOX 
SHADOWED UNDER ILLUMINATION. 

. ATTEMPTED CONTROLLED DEGRADATION OF THE REVERSE BIASED REGION. 

. CONDUCTED ULTIMATE DESTRUCTIVE TESTING OF REVERSE BIAS CELLS TO 
DEtERMINE FAILURE MODES, EXTENT nP n»«*CC, Ai«i> rMx POWER DISSIPATION 

. DATA SUPPORTED THE ANALVSI6 OF HOt SPOT EFFECTS DUE TO SHADOWING 
OF THE ARRAY. 
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POWKR DISSIPATION 2X4 'S 
.jaiiaE-PANEUJWlAUTm PtSAILia 
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BY-PASS DIODE CONFIGURATION 

SOLAR ARRAY PROTECTION OPTOIIZATION 
2 X 4, CELL EXAMPLE 

CROSS STRAPPING 8-16 

DIODES 16-32 
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" 

CONCLUSION rOR sA CELL SHADOWING < ' 


ALU PAHUL# WITH MOUC THAN 3^< CfLUS/SThlNB SHAnONCO AHE EFFECTIVELY TURNED 
OFF. HO MEAT/POWnn DISSIPATION HFSUUT8. 

ALU PANEL* «ITM 2H CELLS SMAUPWF.D OH LESS RESULTS IN HI6M PONER DVSSIPATKiH 
NODES* THE REST CR0SS”8TRAPPIH6 CONFIGURATION LAN HIHIMIZE THESE PONER* 

FOR ONLY SPECIALIZED CASES. 

BY PASS DIODES USED TO PROTECT AGAINST MIGM POWER DISSIPATION AESO WAXIHIZES 
POWER AVAIEADILITV AND SOLAR ARRAY RELI ABILITY. 


TRANSMISSION COSTS LOW ABOVE 100 VOLTS 


ON-ORBIT 
TRANSMISSION 
CONDUCTOR 
COSTS - 
MS 119801 
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StmFACC V0LTA6E - VOLTS 


EtECTROMAGNETIC COMPATIBILITY 
FOR POWER SYSTEM PLATFORM (PSP) 


OF POOR QOAUTY 


IV. V , 


u‘5 


• TYPICAL SCIENCE PLAT! OHM CHAHACrERISTICS 

• SCPS TECHNOLOGY SOLAR ARRAY 

• 12 K1V rOR PAYLOADS 

• 23S N. Ml, 67 ° INCLINATION 

• EXPERIMENTS MOUNTED ON PALLETS 
•PALLETS CHANG'iO OUT AT 6 MONTH INTERVALS 

• baseline EMC S. EClPICATIONS 

• TAILOREO MIL^STD-wlftlB 

• MIL-B-SOe? 


• SCIENCE REQUIREMENTS OUTSIDE OF ABOVE SPECIPICA LIONS 

• ELECTROSTATIC DISCHARGE (ESDI CONTROL 

• E-FIELD EMISSIONS FROM 300 METER DIPOLE ABOVE 300 VAM 

• LOW FREQUENCY SUSCEPTIBILITY TO 1 HZ (300 HZ RCVR) 

• HIGH FREQUENCY SPECIFICATIONS T0 100 gHZ 

• H-FIELOS FROM SUPERMAG OF 40 GAUSS AT 10 FT 


VOLTAGE BUILDUP FROM ELECTRON EMITTING PSP 



oasis 

SPACECRAFT MUST ATTRACT CURRENT FROM 
BACKGROUND PLASMA EQUAL TO THE CURRENT 
BEING EMITTED 

TRADITIONAL ANALYSIS 

MORE CURRENT EMITTED THAN CAN IE 
COLLECTED 

SPACECRAFT VOLTAGE BUILDUP 

LATER OBSERVATIONS 

PLASMA RETURN CURRENT MUCH GREATER 
THAN EXPECTEU 

- GLOWOlSCHARCET 

- CURRENT ENHANCEMENT ALONG lEAMFATHf 
DESIGN IMPLICATIONS 

(BIN OF PSP SURFACES ARE DIEIECTRIGSI 

Thin conductive surface coatings ano 
HIGH voltage specifications 

OR 

THICKER coatings ANO MODERATE VOLTAGI 
SPECIFICATION 
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ACCELERATOR COHRENT ~ AMPS 





electromagnetic compatibility 

FOR POWER SYSTEM PLATFORM 
0 Spacecraft ESO Design Considerations 

- Conductive coatings for solar array backside, thermal blankets, liilrrors, antennas 

- Protective devices for ESO 

- Analytical tools needed to select which surfaces require ESD measures 

• Grounding, interconnection techniques 

0 Spacecraft EMI Design Considerations 

- ESO characterizatirn and specification 

- Low frequency near field emission analysis and test 

- Common sync frequency for power converters 

- Reduced power source ripple and reduced allowable conducted black box emissions 

- Eliminate exposed current carrying conductors, e.g, , solar Cell solder contacts 

- Increased equipment and cable shielding 

- Impact of Supermag is TBD 

Review magnetic field specifications (emissions and susceptibility) 

0 Technology Requirements 

- Specifications: working group? 

- Analysis and ground test 

- Hardware: materials, protective coatings, interconnect methods 

- Flight tests: 

a) Spacelab investigations with SEPAC and PICPAB 

b) Solar array demonstration flight 

- Plasma interactions \ 

\ 

- Charging from accelerators \ 

- Thruster interactions 

- Electrical discharges at high voltage 

•> Field measurements to guide specification preparation 
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SCIENCE m APPLICATIONS MANNED SPACE PUTFORM 





iVA AIRlOCK AND SUOSVSTf MS 


1 •EXISTING ^ ROM OR8ITER PROGRAM | 



CREW EQUIPMENT 

• POOO MGT • WASTE MGT. 

• EXERCISE EQUIP 

• Sleep REStRAiNTS 

• SHOWER 

• EVA SUITS 

• STOWAGE LOCKERS 

\ 

EXISTING FROM OR8ITER/ 
SKVLAB PROGRAMS 


EXISTING SPACELAB SVSTEM 

DESIGN IMPROVEMENTS 

• structure SVSTEM 

• POWER DISTRIBUTION 

• THERMAL CONTROL SYSTEM 

• DATA MGT SYSTEMS 

• CONTROLS AND DISPLAYS 

• EXPERIMENT RACKS AND SERVICES 

• INSULATION SYSTEM 

• ATMOSPHERE REVITALIZATION 

• ADDiriONAI. CYLINDRICAL SECTION 

• SUPPLEMENT THERMAL LOOP 

• ADO VOICE INTERCOM 

• COMPLEMENT TV SYSTEM 

• ADO BERTHING PROVISIONS 

• ADO CO 2 /CONT AMIN. REMOVAL 

• IMPROVE SUBSYSTEM LIFETIME 


LOGISTICS UN^AESSURIZCD RACK 
• NEW ITEM 





POWER SYSTEM PIATEORMS 
DEGREE OF SYSTEM INTERACTION 
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lUMENTt 

y J ' j i y-'- y y 7 / /I HIGH INTCnACTION 

/ ^ / / ^ / / / ^ / / / / » MOOEHATE 
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/i / i / //<y / / / 


PERCENT 

tTflUCTURE TV^C 
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B 

B 

14 

S3% 

CONTROL SUHSYSTCM 

B 

B 

1 

1 


B 

1 

B 
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IS 

66% 

roWER SUBSYSTEM 

B 

B 

B 

B 


B 

2 

B 

B 

13 

48% 

thermal MdMT. S.S. 

B 

B 

i 

B 


B 

B 

B 

B 

% 

33% 

DYNAMICS 

B 

B 

B 

B 


2 

B 

B 

B 

10 

68% 

TRANSEORTABtLITY 






X 

3 

1 

B 

12 

44% 

assembly 

B 

B 

B 

B 

B 

B 

B 

B 

2 

10 

•7% 

REBOOST 

B 

B 

B 

B 

B 

B 

B 

B 

B 

12 

44% 

AUTOMATION OPTIONS 

B 

fl 

B 

B 

B 

■ 

B 

B 

fl 

13 
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PSP COST ESTIMATE SUMMARY 
MILLIONS OF 1900 DOLLARS 



% OF TOTAL 

ELEC. POWER 

26.4 

THERMAL CONTROL 

6.2 

STRUCT. A MECH. 

9.6 

COmN. i DA 4 HANDL. 

18.1 

AHITUOE CONTROL 

F.5 

REBOOST. 

2.6 

PLIGHT SU^'PORT EQUIPT. 

1.4 

LAUNCH S MISSION SUPPORT 

2.5 

GROUND SUPPORT EQUIPT. 

5.6 

TEST & VERIFICATION 

3.2 

SYSTEM ENG. S |NT. 

B.3 

PROGRAM WGT. 

_ 6.6_ 

TOTAL 

ioo.o 
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"SVSTtM DESIGN AND INTEGRATION" PANEL WORKSHOP SUMMARY 


C. carl 


Jet Propulsion Laboratory 
4800 Oak Grove Drive 
Pasadena, CA 91103 


SYSTEW StSIGW AMD INTEGRATION PANEL 


• CRITERIA ♦ PROCESS 

• PRODUCTS 

• PRIORITIES IN PROPULSION 
TECHNOLOGY PROGRAM 

• KEY OBSERVATIONS ON SYStEK 
DESIGN 


PRECEDING PAGE PLANK NOT RLR1E0 
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PMORMV CRITERIA 


• SUPPORTS/CHABtiS HISSIONS WAT WIU SELL 

• GEHERIC better than mission • SPECIFIC! ROD ♦ NASA USE TOPSI 

• HEAR TERM NEED ( < iO YR8) MORE IMPORTANT WAN FAR TERM (10 - 20 YRS) 
NEED (CONSISTENT KITH PAYOFF) 

• PRODUCES TANGIBLE PRODUCT/PAYOFF 


PROCESS SIFT 

ALL INTEGRATION PROBLEMS 


TECHHOLOGjf PROBLEMS 

I 

GEHERIC PROPUlilOM TECHNOLOGY 

priority 


ALL INTEGRATION PROBLEMS 


GENERIC 

PROPULSION 

1. COMPLEX CONTROL OF THRUST IMPULSE VS. THROTTLEABLE PROFILE? 

2. DISTRIBUTED CONTROL 

3. MODULAR PROPULSION (DISTIBUTED) 

4. HASS CONSTR/MNED DESIGN TO GEO 

5. DEPLOYMENT RISK OF COMPLEX LSS 

6. ANTENNA FEED DESIGH/INTEGRATIOH 

7. FLEX STRUCT/SHART CONTROL VS. STIFF STRUCT/DUMB CONTROL 

8. IN-FLIGHT TtCHAHlCAL ALIGNMENT 

9. PROPULSION CONTAMINATION 

10. SOIAR ARRAY/FOV/TC SHAD0H1N6 

11. LEO LONG LIFE ms IGN (SOIAR P/')RA6) 


Zb8 


I 






TECHNOLOGY 



/ 


GENERIC 

PROPULSION 


TECHNOLOGY 


12. 

SHUTTLE EVA/NO EVA, RMS, SERVICE 

- 


13. 

SHUTTLE RELATCH/SAFING (REFUL/STOH) FOR RETURN 



14. 

GROUND PERFORMANCE TESTIHG 


• 

!•». 

SHUTTLE PLUME (♦) ENVIRONMENT 



16. 

STRUCTURE FOR CG - CP 

- 


17. 

FAULT TOLERANCE OF ACTIVE CONTROL 

- 

• 

18. 

DEPLOYABLE SYSTEM UTILITIES (POHER, TC FHID, ETC.) 

- 

• 

19. 

ATTITUDE CONTROL DURING RELEASE/DEPLOYMENT 

- 

• 

20. 

OTV BEFORE DEPLOY? 

- 

• 

21. 

END OF LIFE: DISPOSAL 


• 

22. 

BERTHING/DOCKING/MATE 

- 


23. 

ASSEHBLY/SERVICIHG/HAINT. 

- 

• 

24. 

STANDARD HI VOLT POWER PROCESS. 

- 

• 

25. 

LSS DAMAGE TOLERANCE 


• 


PROPULSION TECHNOLOGY PRIORITIES 

NEAR TEW1 NEED (^10 YRS) 

1. PROPULSION CONTAIUNATION 

- CHARACTERIZATION, EHC FOR ELECTRIC, ENVIRONMENTAL IMPACT, CHARGE CONTROL, 
CLEAN RESUPPLY. 

2. LONG LIFE, HIGH DUTY CYCLE, HIGH Ijp, AUXILIARY THRUSTERS. 

5. DEVELOP LINEAR, HIDE DYNAMIC RANGE THftOTTEABLE THRUSTER. 

FAR TERM NEED (10 - 20 YRS) 

H. EP >Isp > CHEMICAL FOR GEO TRANSIT 
5. MGAHATT ELECTRIC PROPULSION 


2S9 


KEY OBS ERVATIO NS 

• KEAR TEIW mSSIOMS REfflIIRE IAR6ER SHIITTIE COHPATIBIE OtV TO GEO THAN PRESENTLY PIAHNED. 

• SYSTEM HORK, ENPJIASIZIHfi INTE6RATE0 rnOP/STRIICTHRE/THERnAL/CONTROLS, WRT BE DONE TO 
SET TECMNOIOOY REflUIEEHENTS, EG 

• DEPLOYNENT AT LEO 

• DEVELOP INTEGRATED STRUCTURE CHARACTERIZATION 
0 END OF LIFE DISPOSAL 

0 MULTI PURPOSE PROPULSION 


ORIG’'>5Al. PAG?; 5S 
OF POOR QUALITY 
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